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PREFACE TO THE THIRD EDITION. 



The subject of Industrial Organic Chemistry covers such a wide range 
of topics and considers the utilization of such a variety of raw materials 
of both animal and vegetable origin^ and the production of such a multi- 
tude of useful and valuable substances, that a thorough survey of the ground 
18 a laborious undertaking. Nevertheless, the lapse of five years since the 
appearance of the previous edition of this work makes such a survey neces- 
sary', as notable advances have been made in many of the chemical industries 
during that time. 

Every chapter, therefore, has been revised and new matter added, while 
older and less important portions have been stricken out. The chapters 
on Natural and Artificial Dye-colors have been largely rewritten, because 
of the rapid progress in discovery in these lines during the last few years. 
It has been sought to incorporate in the book all of this advance in our 
knowledge that is definitely accepted by chemists. Several new tabular 
statements have also been incorporated in these chapters, which it is hoped 
will prove of value. 

The chapters on Fatty Oils, Essential Oils, Fermentation, Tanning, 
Textile Fibres, and Destructive Distillation have had important additions 
made to them. 

The Bibliography has in all chapters been brought down to date, and the 
Statistics are the most recent attainable. The author desires to acknow- 
ledge his indebtedness to numerous friends and correspondents for items of 
valuable information not readily accessible. 

American chemical industry has advanced with rapid strides in recent 
years, and the need of a thorough understanding of the chemical character 
and possibilities of mat^ial^'ii^ .b^'q^jing.e/^efy day better appreciated by 
our manufacturers as a class: "The atitbdr-liapes that the book may con- 
tinue to serve, as it has alrefi]i|^ $0rir4d i^*the past, in bringing about this 
desirable consummation. 






Philadelphia, October, 199^.' 
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PREFACE TO THE FIRST EDITION. 



The literature of Applied Chemistry is reasonably voluminous. We 
have dictionaries and encyclopaedic works upon the subject, a series of 
small hand-books for individual industries, and a mass of technical journals 
of both general and special application. Works, however, in which the 
effort is made to give within the bounds of a single volume a general view 
of the various industries based upon the applications of chemistry to the 
arts are much rarer, and especially is this true of works printed in the Eng- 
lish language. In Grerman we have Wagner's " Chemische Technologic," 
brought down to date by its present editor, Ferd. Fischer ; Post's " Chem- 
ische Technologic," Bolley's " Technische-Chemische Untersuchungen," 
Heinzerling's " Technische Chemie," Ost's " Chemische Technologic," and 
others ; in French, Payen's " Chimie Industrielle" and Girardin's " Chimie 
appliqu^ aux Arts Industriels," etc. ; while in English we have only the 
now antiquated translations of Wagner and Payen. In speaking thus, the 
writer wishes to be understood as referring only to general works on chemical 
technology of moderate size. The excellent " Dictionary of Applied Chem- 
istry," in three volumes, now being published by Longmans & Co., does 
not therefore come into the consideration, for the twofold reason of its size 
and of its encyclopaedic and disconnected method of treatment 

Similarly, works which cover only a single side of the subject, like Allen's 
" Commercial Organic Analysis," are not referred to in the above statement. 

The author has endeavored within the compass of a moderate-sized 
octavo to take up a number of the more important chemical industries or 
groups of related industries, and to show in language capable of being under- 
stood even by those not specially trained in chemistry the existing conditions 
of those industries. The present vcluiQe, it will be noticed, is limited to 
^'Industrial Organic Cli^imstry^"* This^ liil3V while covering many very 
important lines of manufactlfyf;, iteesnot seem at present to be so well pro- 
vided for as the inorganic' pftrt' of : tbe subject. A companion volume, 
covering this other side of 'in«ipj5t7ial chciftistry, is in contemplation. 

In taking up the severdi industries for survey, it has been thought de- 
sirable first to enumerate and describe the raw materials which serve as the 
basis of the industrial treatment ; second, the processes of manufacture are 
given in outline and explained ; third, the products, both intermediate and 
final, are characterized and their composition illustrated in many cases by 
tables of analyses ; fourth, the most important analytical tests and methods 
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are given, which seem to be of value either in the control of the processes 
of manufacture or in determining the purity of the product ; and, fifth, the 
bibliography and statistics of each industry are given, so that an idea of the 
present development and relative importance of the industry may be had. 

The author has endeavored in a number of cases to give a clearer picture 
of the lines of treatment for an industry by the introduction of schematic 
views of the several processes through which the raw material is carried 
until it is brought out as the finished product. A number of these dia- 
grams have been taken from German and English sources, and several have 
been constructed by the author specially for this work. A list of these 
diagrams will be found appended. 

A large number of the illustrations have been drawn specially for this 
work, and others have been procured from the best German and American 
sources. 

Frequent foot references are made to authorities and sources of informa- 
tion, although this may not have been done in all cases. The author has in 
the analytical section made frequent use of Allen's " Commercial Organic 
Analysis," and hereby desires to acknowledge his special indebtedness to 
that most valuable work. He has also made frequent use of Wagner's 
Chemische Technologic," thirteenth edition, and Stohmann and KerPs 
Angewandte Chemie." Besides these works of a general character he has 
also consulted a large number of special works, the titles of which will be 
found in the bibliographical lists appended to each chapter. 

The author desires here to acknowledge his indebtedness to the many 
friends who have aided him by information and helped him especially in 
the collating of the statistics of the several industries. 

His special indebtedness is due to his friend and former pupil, Mr. Louis 
J. Matos, M.E., who aided him in the completion of Chapters XI. and XII., 
and to whom Chapter XIV. in its entirety belongs. 

To his colleague. Professor Henry Trimble, of the Philadelphia College 
of Pharmacy, he is also indebted for information upon the subject of Tannin 
and Dye-woods, as treated in Cliapter XIII. 

The original drawings ma^lfpi^thte <^oft-lf artd ,the index are also due to 
Mr. L. J. Matos. .* i •* • *•••* • *•' ** ••' '* • 

The author hopes that this wiorif ma^^^njt^* of some value to those en- 
gaged in the several lines of manWactnrili^'indastry touched upon by show- 
ing the chemical nature of the iMt^ii^JH tv^fc^i^^P handled by them, and of 
the change which these materials* lindei^o In 'tfce course of treatment and 
preparation as marketable commodities; that it may be suggestive to those 
engaged in research or invention in connection with chemistry ; and, lastly, 
hat it may be found to possess some interest for the general reader or the 
tudent of scientific or economic topics. 

Philadelpbia, August 3, 1891. 



PREFACE TO THE SECOND EDITION. 



The fact that a large edition of this work has been exhausted in about 
three and one-half years, and that the book has been temporarily out of 
prints leads the author to believe that the plan of treatment adopted in the 
book was an acceptable one, and that such a book was needed. While 
some of the author's correspondents have referred to the very condensed 
treatment which some of the industries necessarily received, others have 
recognized that this feature particularly commended it as a convenient 
hand-book, or as a text-book for students. For those who wish the fullest 
information on particular subjects the Bibliography will go far towards 
indicating the sources for its supply. Were it not for the great range of 
scientific periodicals through which new communications are scattered, the 
journal literature might also be cited. In a Grerman translation of the 
work, which has appeared recently, by Dr. J. Ephraim, published by Jos. 
Ambroslus Barth, Leipzig, this reference to the journal literature has been 
attempted and partially carried through. The author, however, has not 
taken it up for the reason stated. 

In the present edition the Bibliography has in all cases been rewritten 
and brought carefully to date. The Statistics have also been brought down 
to the present year whenever new figures were attainable, and a number of 
new statistical tables have been added. 

While the body of the text has not been altered, numerous corrections 
have been made and new sections inserted in many cases. 

In the Appendix two new tables have been added giving the physical 
and chemical constants of the oils, fats, and waxes, classified for reference 
and comparison. 

The author desires to acknowledge his indebtedness to many friends for 
kind suggestions, and in especial to Mr. Louis J. Matos, who supplied 
information in connection with the last three chapters, and to Mr. Samuel 
S. Sadder, who aided in gathering statistics and in reading proofs. 

Hoping that the book will again meet the public approval and prove 
Qsefnl and suggestive to those interested, the author submits this new edition. 

Philadelphia, Aagast, 1895. 



Vll 



X TABLE OF CONTENTS. 

PAGES 

II. — Processes of Treatment zoo-xo8 

1. Manufacture of Perfumes and Similar Products, 100, 101. 2. Manu- 
&cture of Varnishes, 101-104. 8. Manufacture of Printer's Ink, 
104, 105. 4. Manufacture of Oil-cloth, Linoleum, etc., 105. 5. 
Processes of Treatment of Caoutchouc and Gutta-percha, 105-108. 

III. — Products io8-zza 

1. Perfumes, 108. 2. Varnishes, 108-110. 8. Printing Inks, 110. 4. 
Miscellaneous Products fh)m Resins and Essential Oils, 110, 111. 

5. India-rubber and Gutta-percha Products, 111, 112. 

IV. — Analytical Tests and Methods zz2-zz6 

1. For Essential Oils, 112-114. 2. For Resins, 114, 115. 8. For Var- 
nishes, 116. 4. For Caoutchouc and Gutta-percha, 116. 

V. — Bibliography and Statistics iz6-zao 

CHAPTER IV. 

THE CANE-SirOAR IlfDUSTRY. 

I. — Raw Materials laz-zas 

1. The Sugar-<»ne, 121. 2. Sugar-beet, 121, 122. 8. Sorghum Plant, 
122. 4. The Sugar-maple, 122, 128. 

II. — Processes of Treatment ia5-i5a 

1. Production of Sugar from the Sugar-cane, 125-187. 2. Production 
of Sugar from the Sugar-beet, 137-145. 8. The Working up of 
the Molasses, 145-150. 4. Revivifyingof the Bone-black, 150-152. 

III. — Products of Manufacture I5a-z56 

1. Raw Sugars, 152, 158. 2. Refined Sugars, 158. 8. Molasses and 
Cane-sugar Syrups, 158, 154. 4. Miscellaneous Side-products, 
164-166. 

IV. — Analytical Tests and Methods Z56-165 

1. Determination of Sucrose, 156-159. 2. Determination of Glucose, 
or Invert Sugar, 159, 160. 8. Analysis of Commercial Raw 
Sugars, 160, 161. 4. Analyses of Molasses and Syrups, 161, 162. 

6. Analyses of Sugar-canes and Sugar-beets and Raw Juices there- 
from, 162, 168. 6. Analyses of Side-products, 163-165. 

V. — Bibliography and Statistics 166, 167 

CHAPTER V. 

THE INDU8TBIE8 OF STARCH AND ITS ALTERATION PRODUCTS. 

I.~Raw Materials i6a-i7o 

II. — Processes of Manufacture 170-176 

1. Extraction and Purifying of the Starch, 170-172. 2. Manufacture of 
Glucose, or Grape-sugar, 172-174. 3. Manufkcture of Maltose, 
174, 175. 4. Manufacture of Dextrine, 175. 5 Manufacture of 
Sugar-coloring, 175, 176. 

III.— Products 176-178 

1. Starch, 176. 2. Glucose and Grape-sugar, 176, 177. 8. Maltose, 
177. 4. Dextrine, 177, 178. 5. Unfermentable Carbohydrates, 
178. 

IV. — Anal3rtical Tests and Methods 178-182 

1. For Starch, 178-180. 2. For Glucose, or Dextrose, 180. 3. For 
Maltose, 180. 4. Dextrine, 180. 5. Commercial Glucose and 
Similar Mixtures derived from Starch, 180-182. 

V. — Bibliography and Statistics 182, 183 



TABLE OF CONTENTa xi 

CHAPTER VI. 

FXRMKirrATION INDUSTBIES. 

• • • ■ • 

A. — Nature and Varieties of Fermentation, 184-137. 

B. — Malt Liquors and the Industries connected therewith, 

PAon 

I. — Raw Materials Z87-Z89 

1. Malt, 187, 188. 2. Hope, 188, 189. 8. Water, 189. 

11^ — Processes of Manufacture z89-zg5 

1. Malting ofthe Grain, 189-191. 2. Preparation of the Wort. 191-194. 
3. Boiling and Cooling, 194, 195. 4. Fermentation of the Wort, 
196, 196. 

III. — Products Z96, 197 

IV. — Analytical Tests and Methods zgy-aoz 

1. For Malt, 197, 198. 2. For Beer-worts, 199. 8. For Beer, 199-201. 

C. — 7%e Manufacture of Wine, 

'I. — Raw Materials aoz-so3 

1. The Grape, 201, 202. 2. The Must, 202, 208. 

II. — Processes of Manufacture 203-208 

1. Fermentation, 208, 204. 2. Diseases of Wines and Methods of Treat- 
ing and Improving them, 204-206. 8. Manufiacture of Efferves- 
cing Wines, 206, ^7. 4. Manufacture of Fortified, Mixed, and 
Imitation Wines, 207, 208. 

III. — Products ao8-azz 

IV. — Analjrtical Tests and Methods aza-az5 

D. — Manufacture of Distilled Liquors, or Ardent Spirits. 

I. — Raw Materials ai6, aiy 

1. Alcoholic Liquids, 216. 2. Sugar-containing Raw Materials, 216, 



uning s^A 
iaU, 217. 



217. 8. Starch-containing Raw Materials 

II. — Processes of Manufacture az7-aa6 

1. Preparation of the Wort 217. 2ia 2. Fermentation of the Wort 
or Saccharine Liquid, 218, 219. 8. Distillation of the Fermentea 
Mash, or Alcohohc Liquid, 220-228. 4. Rectifying and Purifying 
of the Distilled Spirit, 228-226. 6. Manufacture of Alcoholic 
Beverages from Rectified Spirit, 226. 

III. — Products aa6-a3o 

1. Rectified and Proof Spirit, 226, 227. 2. Alcoholic Beverages made 
hy Direct Distillation of the Fermentation Products, 227^ 228. 8. 
Alcoholic Beverages made from Grain Spirit hy Distillation under 
Special Conditions, 228. 4. Liqueurs and Cordials, 228, 229. 6. 
Side-products, 280. 

IV. — ^Analytical Tests and Methods aao, aaz 

E. — Bread^^naking, 

V — Raw Materials a3a-a34 

1. Flour, 282, 288. 2. Teast, or Ferment, 288, 234. 8. Baking-pow- 
ders, 284. 

II. — Processes of Manufacture 335, a36 

1. The Mixing^of the Dough and its Fermentation, 236. 2. Baking, 
285. 8. The Use of Chemicals Foreign to the Bread, 235, 236. 

III.— Products 236, a37 

1. Bread, 286, 287. 2. Crackers and Hard Biscuit, 237. 

IV^— Analytical Tests and Methods 237-a39 

1. For the Flour, 287-289. 2. For Bread, 239. 



xii TABLE OF CONTENTS 

F. — The Manufacture of Vinegar 

PAGES 

I. — Raw Materials 240,241 

II. — Processes of Manufacture 241-244 

1. The Orleans Process, 241, 242. 2. The Quick-vinegar Process, 242, 
243. 8. The Manufacture of Malt Vinegar, 248. 4. The Manu- 
facture of Cider Vinegar, 248. 5. Pasteur's Process for Vinegar- 
making, 248, 244. 

III. — Products 244,245 

IV. — Analytical Tests and Methods 245 

V. — Bibliography and Statistics for Fermentation Industries 246-250 

CHAPTER VII. 

MILK INDUSTRIES. 

I. — Raw Materials 251-253 

II. — Processes of Manufacture 253-260 

1. Manufacture of Condensed and Preserved Milk, 258, 254. 2. Of 
Butter, 254-256. 8. Of Artificial Butter (Oleomargarine), 256- 
258. 4. Cheese-making, 258-260. 

III. — Products 260-265 

1. Condensed and Preservoc) Milk, 260, J61. 2. Butter and Butter 
Substitutes, 261, 262. 8. Cheese, 262, 263. 4. Milk-sugar, 268. 
5. Koumiss, 264. 6. Kephir, 264. 7. Casein Preparations, 264, 
265. 8. Whey, 265. 

IV. — Analsrtical Tests and Methods 265-270 

1. For Milk, 265-267. 2. For Butter, 267-270. 8. For Cheese, 270. 

V. — Bibliography and Statistics 270-272 

CHAPTER VIII. 

YEOETABLE TEXTILE FIBRES. 

I. — General Characters 273-281 

1. Cotton Fibre, 274, 275. 2. Flax, 275-277. 3. Hemp, 277. 4. Jute, 
277, 278. 5. Miscellaneous Vegetable Fibres, 278-280. 6. Clas- 
sification of the Vegetable Fibres, 280, 281. 

INDUSTRIES BASED UPON THE UTILIZATION OF VEGETABLE FIBRES. 

A . — Paper-making. 
1. — Raw Materials 281-283 

1. Rags, 281, 282. 2. Esparto, 282. 8. Straw, 282. 4. Jute, 282. 5. 
Manila Hemp, 282. 6. Wood Fibre, 282, 288. 7. Paper-mul- 
berry, 283. 

II. — Processes of Treatment 283-292 

1. Mechanical Preparation of the Paper-making Material, 283, 284. 
2. Boiling, 284. 3. Washing, 284-286. 4. Bleaching, 286-289. 
5. Beating, 289. 6. Loading, Sizing, Coloring, etc., 289, 290. 
7. Manufacture of Paper from the Pulp, 290-292. 

III. — Products (Diiferent Varieties of Paper) 292, 293 

IV. — Analsrtical Tests and Methods 293-295 

1. Determination of the Nature of the Fibre, 293-296. 2. Determina- 
tion of the Nature of the Loading Materials, 295. 8. Determina- 
tion as to Nature of the Sizing Materials, 295. 4. Determination 
of the Nature of the Coloring Material, 295. 

B. — Oun-coiiotij Pi/roxi/liftr^ Odlwiion^ and Celluloid. 
I. — Raw Materials 

II. — Processes of Manufacture ^ ^^'^1^ 

1. Gun-cotton, 296. 2. Pyroxy line and Collodion, 297 , 2.^%. %, v^^ 

luloid. 298, 299. v % 

\ ^ 



xiv TABLE OF CONTENTS. 

PAGSB 

IV.— Analytical Testa and Methods 343 

1. AbBorprtion of Water, 848. 2. Inorganic Impurities, 843. 8. Adul- 
teration of Isinglass with Glue, 8& 

V. — Bibliography and Sutistics of Leather and Glue and Gelatine . , • 343-346 

CHAPTER XI. 

IKDUSTBIXS BASED UPON DESTBUCTIYB DISTILLATION. 

A. — Destructive DisHUation of Wood. 
I. — Raw Materials 347i348 

1. Composition of Wood, 847, 848. 2. Effect of Heat upon Wood, 848. 

II. — Processes of Manulactare 349-355 

1. Distillation of the Wood, 849-851. 2. Treatment and Purification of 
the Crude Wood-vinegar, 861-858. 8. Purification of the Crude 
Wood-spirit, 858, 854. 4. Treatment of the Wood-tar, 854, 855. 

III. — Products 355i356 

1. Pyrolieneous Acid and Products therefrom, 855. 2. Methyl Alcohol 
and vVood-spirit, 855. 8. Acetone, 855, 856. 4. Creosote, 856. 
^. Parafllne, 856. 6. Charcoal, 856. 

IV.— Analytical Tests and Methods 35^^358 

1. Assay of Pyroligneous Acid and Crude Acetates, 856. 857. 2. Deter- 
mination of Methyl Alcohol in Commercial Wood-spirit, 857. 8. 
Determination of the Acetone in Commercial Wood-spirit, 857, 858. 
4. Qualitative Tests for Wood-tar Creosote, 858 

B. — Destructive Distillation of Coal. 

I. — Raw Materials 358-362 

1. Varieties of Coal, 858-860. 2. Effects of Temperature in the Dis- 
tillation of Coal, 860-862. 

II. — Processes of Treatment 362-374 

1. Gas-retort Distillations of Coal, 862-865. 2. Coke-oven Distillation 
of Coal, 865-868. 8. Fractional Separation of Crude Coal-tar, 
868-871. 4. Treatment of Ammoniacal Liquor, 871-874. 

Ill^^Products 374-38X 

1. First Light Oil, 874-377. 2. Middle Oil, 877, 878. 3. Creosote Oil 
or Heavy Oil), 878, 879. 4. Anthracene Oil, 379-881. 5. Pitch, 



(orl 
881. 



IV.— Analytical Tests and Methods 381-387 

1. Valuation of Tar Samples, 881, 882. 2. Special Tests for Tar Con- 
stituents, 882-886. 8. Valuation of .^monia-liquor, 886. 4. 
Analysis of Illuminating Gkis, 886, 887. 

V. — ^Bibliography and Statistics of Destructive Distillation Industries . . 387-390 

CHAPTER XII. 

THE ARTIFICIAL COLORING MATTERS. 

I. — Raw Materials 39<-405 

1. Hydrocarbons, 891-894. 2. Halogen Derivatives, 394-896. 8. 
mtTo- Derivatives, 896-398. 4. Amino Derivatives, 898-400. 5. 
Phenol Derivatives, 400, 401. 6. Sulpho- Acids, 401, 402. 7. Pyri- 
dine and Quinoline Bases, 402, 403. 8. Diazo- Compounds, 403, 404. 
9. Aromatic Acids and Aldehvdes, 404. 10. Ketones and Deriva- 
tives (Anthraquinone), 404, 406. 

II. — Processes of Manufacture 405-4x1 

1. Of Nitrobenzene and Aniline, 406-407. 2. Of Phenols, Naphthols, 
etc., 407, 408. 8. Of Aromatic Acids and Phthaleins, 408, 409. 
4. Of Anthraquinone and Alizarin, 409, 410. 6. Of Quinoline 
and Acridine, 410. 6. Sulphonating, 410. 7. Diazotizing, 410, 
411. 



xvi TABLE OF CONTENTS, 



APPENDIX 



P, 

I. — The Metric Sjrstem 50 

II. — Tables for Determination of Temperature 50 

Relations between Thermometer?, 606. Thermometric Equiralents, 
607-509. 

III. — Specific Gravity Tables 51 

1. Baum6'8 Scale for Liquids Liehter than Water, 510. 2. Baum^ and 
Beck's Scales for Liquids Heavier than Water, 511. 8. Twaddle's 
Scale for Liqtiids Heavier than Water, 512. 4. Comparison of the 
Twaddle Scale with the Rational Baum6 Scale, 518. 6. Com- 
rArison of Oay-Lussac Scale with Absolute Specific Gravity 
Figures, 514. 6. Comparison between Specific Gravity Figures, 
I>^ree Baum^ and Degree Briz, 515-521 

IV. — Alcohol Tables 5a 

V. — PhjTSical and Chemical Constants of Fixed Oils and Fats 5a 



LIST OF ILLUSTRATIONS. 



ncru PAGE 

1. Carburetting Natural Gras .... 18 

2. Crude Oil SUll, Cylindrical Shape 20 
8. Oil-6till with Superheated Steam . 22 
i Still for Continuous Distillation, I. 28 
6. Still for Continuous Distillation, 

II 23 

6. Commercial Analysis of Crude 

Petroleum 88 

7. Tagliabue's Open-cup Oil-tester . 85 

8. Saybolt's Open-cup Oil tester . . 36 

9. Abel Oil-testing Apparatus ... 37 

10. Heumann Oil-test Apparatus . . 88 

11. Stoddard Flash-test Apparatus . . 38 

12. Tagliabue Cold-test Apparatus . . 89 

18. Fischer's Viifcosimeter 40 

H. Engler's Vi«!osimeter 40 

15. Tburston's Lubricating Oil-tester . 41 

15. Wilson's Chromometer, I. ... 41 

17. Wilson's Chromometer, II. . . . 41 

18. Rendering of Tallow by Steam . . 64 

19. OiUeed Mill 66 

20. Oil-seed Press 57 

21. Autoclave for Saponifying Fats . 59 

22. Distillation of Free Fatty Acids . 60 

23. Wilson and Gwynne Apparatus 

for Decomposing Fats 60 

2i Soap-coppers . 63 

25. Wooden Soap-frames 66 

26. Iron Soap-frames ^ 65 

27. Soap-cutting Machine 67 

28. Crystallization of Solid Fatty 

Acids 67 

29. Stearic-acid Press 68 

SO. Candle-moulding Frame 70 

31. Soxhlet Extractor 79 

32. Thorn's Extractor 79 

83. Westphal Specific Gravity Balance 80 

34. Boiling Linseed Oil over Free Fire 102 

35. Boiling Linseed Oil with Steam . 103 

86. Distillation of Copal and Amber 

Resins 103 

87. Vessel for Vulcanizing Caoutchouc 107 

88. Three-roll Sugar-mill 126 

39. Vacuum-pan 180 

40. Yaryan Evaporator 181 

41. Yaryan Evaporator (sectional 

view) 132 

42. Centrifugal for Sugars 183 

48. Wetzel-pan 134 

44. Sectional View of Sugar Refinery 

(full page) 186 

45. Centrifugal for Sugar-cones ... 188 

46. Diffusion Battery — Elevation . . 189 

47. Diffusion Battery— Plan 140 



FIOUBE PAGE 

48. Circular Diffusion Battery (full 

page) 142 

49. Filter-press for Sugar-scums ... 144 

50. Osmogene 147 

51. Steffen Process for Molasses ... 148 
62. Char-kiln for Sugar Refineries . . 149 

53. Klusemann Washer (full page) . 151 

54. Polariscope — Scheihler Form . . 157 
65. Payen's Rendement Method . . . 162 

56. Scheihler's Apparatus for Analysis 

of Char 165 

57. Hoffmann's Converter «for Glucose 

Manufacture 173 

58. Mauhre's Converter for Glucose 

Manufacture 174 

69. Lintner's Pressure-flask . ... 179 

60. Varieties of Yeast, after Hansen 

(full page) 186 

61 . Effect of Temperature upon Fer- 

mentation 187 

62. " Thick-mash '» Process for Beer 

(fuUpj^e) 193 

63. Pasteurizing Wine in Casks . . . 205 

64. Apparatus for Determining Alco- 

holic Strength 212 

65. Coffey Still (full page) 221 

66. Derosne Still 223 

67. Savalle Still 224 

68. Element in Column Still, I. . . 224 

69. Element in Column Still, II. . . 224 

70. Savalle Rectifying Column ... 226 

71. Aleurometer of Boland 238 

72. Quick- vinegar Process 242 

73. Malt-vinegar Cask 248 

74. Laval Cream Separator, I. ... 255 
76. Laval Cream Separator, II. . . . 255 

76. Fat-cutting Macnine for Oleomar- 

garine 257 

77. Churning-machine for Oleomar- 

garine 258 

78. Cotton Fihre magnified Thirty 

Times 276 

79. Cotton Fihre magnified Two Hun- 

dred Times 275 

80. Sectional View of Stems and Bast 

Fibres 276 

81. Flax Fibre under the Microscope . 277 

82. Hemp Fibre under the Microscope 277 

83. Jute Fibre under the Microscope . 278 

84. Manila Hemp under the Microscope 278 

85. China-gnu»8 under the Microscope 279 

86. Vomiting Boiler for Paper-makers 286 

87. Hollander, I. 286 

88. Hollander, II. (full page) .... 287 

xvii 



XVUl 



LIST OF DIAGRAMS. 



FIGURE PAGE 

89. Foudrinier Machine (full page) . 291 

90. Nitration of Cellulose in Celluloid 

Manufacture 298 

91. Wool Fibre under the Microscope 805 

92. Alpaca Hair under the Microscope 807 
98. Silk Fibre under the Microscope . 808 
94. Spinning of the Silk Cocoon . . 808 
96. Silk-conditioning . 812 

96. Magnified Section of Oz-hide . . 820 

97. Lime-pits and Liming Process 

(full page) 826 

98. Unhainng Machines and Wash- 

ing Drums (fUll page) .... 880 

99. Revolving Tumblers for Morocco- 

tanning 881 

100. Steam-boiler for Glue Manu&c- 

ture 840 

101. DistillationofWood from Retorts 849 

102. Distillation of Sawdust from Re- 

torts 861 

108. Tar-condensers of Gas-works, I. . 864 

104. Tar-condensers of Gas-works, II. 864 

106. Lime-purifiers of Gas-works . . 866 
106. Simon-Carv6's Coke-oven (ftill 

page) 867 



FIGURE PAGE 

07. Tar-Still .869 

08. Gruneberg and Blum Ammonia- 

still 874 

09. Benzene Rectification Column . 876 

10. Naphthalene Subliming-chamber 878 

11. Anthracene-press 880 

12. Sublimation of Anthracene . . . 880 
18. Manufacture of Nitrobenzene . . 406 
14. Horizontal Aniline-still .... 407 
16. Autoclave for Alizarin Manufko- 

ture 409 

16. Madder, Indigo, and Archil . . 442 

17. Cutting of Dye-woods 460 

18. Extractor for Dye-woods .... 461 

19. Cell of Dye-w9od Sztraction-bat- 
tery 462 

20. Vacuum-pan for Dye-wood Ex- 
tracts 468 

21. Indigo Grinding-mill 466 

22. Madder Bleach 478 

28. Injector-kier 474 

24. Steaming-chest for Turkey-red 

Yam 488 

26. Calico Printing-machine .... 493 

26. Steaming Indigo Prints .... 499 



LIST OF DIAGRAMS. 



TABE 

General View of the Refining of Crude Petroleum 21 

View of the Practical Utilization of a Fat 61 

Outline for the Analysis of Patty Oils 84 

Leed's Scheme for Soap Analysis 86 

General View of the Composition of the Sugar-beet 128 

Outline showing the Production of Sugar from the Sugar-cane 127 

Outline showing the Production of Sugar from the Sugar-beet 148 

Outline of Tanning Process for Sole-leather 828 

Qualitative Tests for Tanning Materials 887 

General View of the Treatment of Wood-tar 862 

General View of the Products of the Distillation of Coal 862 

Scheme for the Distillation of Coal-tar 872 

Tables for the Identification of Coal-tar Dyes 424-426 

Tables for the Detection of Coloring Matters upon the Fibre 480-488 

Reactions of the Most Important Natural Dvestufi*s 468 

Table of Artificial Dye-colors which have tieplaced or Compete with Natural 

Dyestufis 601, 602 



Industrial Organic Chemistry^ 



CHAPTER I. 

PETROLEUM AND MINERAL OIL INDUSTRY. 



I. Raw Materials. 

The raw materials of this industry are hydrocarbons and products 
derived from them by alteration, which occur associated together in nature. 
They may be gaseous, liquid, or solid, and very frequently all three of these 
physical modifications are found admixed in the same crude material. As, 
on the other Land, they occur at times separate and distinct, they will be 
separately noted. 

1. Natural Gas. — ^Under this name is generally known now the 
inixtare of inflammable gases that is found issuing frx)m the earth in 
various localities. While it is chiefly in connection with the boring of 
wells for oil or salt, or as a constantly-forming product of decomposition in 
ooal-mines, that it has been obtained, we find that it often occurs entirely 
independently of these. "Burning springs," as they have been termed, 
have been laiown from the earliest historical times. Those of Baku, on 
the Caspian Sea, are supposed to have been burning as early as the sixth 
oentuiy before Christ, ana to have been a sacred shrine of the Persian fire- 
worshippers. The Chinese have employed natural gas for centuries in their 
salt-mines as a source of illumination. In the United States it was 
employed already in 1821, at Fredonia, New York, as a source of illumi- 
nation, and for fifty years past has served as the ftiel for the evaporation 
of brine at the salt-wells of the Kanawha Valley, West Virginia. 

In chemical composition, natural gas is relatively imiform. It consists 
eaaentially of methane (marsh-gas), the first member of the paraffin series 
of hydrocarbons, which may be accompanied by ethane, propane, and the 
members of the paraffin series next following methane. Small quantities of 
hydrogen, carbon monoxide, and dioxide have been found to be present at 
times, while nitrogen is apparently an invariable impurity. The following 
table gives the results of analyses of natural gases, made in 1886, by Prof 
F. C. Phillips for the Second Geological Sur\'ey of Pennsylvania. The 
localities chosen are all in Western Pennsylvania, with the exception of 
Fredonia, New York, which is introduced because of its historical interest : 
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'Witb these mav be compared the natural gas from two important petro- 
leum-yielding localities in Europe, ^-iz., Pechelbronn, in Alsace, and Baku, 
on the Caspian. 







(Eogitr.) 




».. 


Baka 




(Englei.) 


,Eift,.) 


(Schmidt-) 


■Schmidt) 


Melbana .... 


78.6 


68.2 


77-3 


92.49 


93.09 




4.0 


8.4 


4.8 


4.11 


3.26 


Carbon dioiide . 






3.6 


0.93 


2.18 


Carbon tnonuiide 


3.0 




3.4 






Hvdroeen . . . 
























Nitrogen .... 


17.2 






2-13 






100.00 


99-6 


100.10 


100.00 


100.00 



2. Crude PETROLErM {sj-n. Erdoel, Naphtha, etc.). — Under this 
heading is included the liquid product whicli is obtained so abundantly in 
various parts of the earth, either issuing from the ground naturally or 
gotten by the boring of wells through the overlaying rocks to the oil- 
bearing strata. The oldest and so far the most im|>ortant petroleum di.striet 
of the world is the Appalachian field of Western Pennsylvania, e.ttending 
from Alleghany County, New York, through Pennsylvania, southwesterVy 
into West Virgmia and' E^astcru Ohio. While the oil's lound in this ^strict 
may differ considerably in gravity, color, and undoubtedly in eU^o^vfal 
oompoeition, the differences are not fuudamental, and with certain %y^*^ 
exoeptions Uie crude oils from various localities are all brought t<^^^<to Vi*} 
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ing for the most part of hydrocarbons of the series CqHsq, isomeric with 
the olefine series, and called *' naphthenes." As will be seen later, this dif- 
ference in chemical composition involves a difference in the refining results. 

The most important of the other European petroleum-fields are those 
of Gralicia, which produce a variety of oils, both light and heavy, either 
accompanying or independent of the ozokerite of the r^ion, those of 
Hanover, which yield thick oils, varying in specific gravity from .862 to 
.910, and those of Alsace, which also yield oils predominantly heavy, and 
used chiefly for lubricants. 

The Asiatic petroleum-fields* are those of Burmah, which have long 
been known to be very rich, and which, under British control, will now be 
developed, and those of Rangoon, in India, the oils from which are thick 
and heavy, yielding much lubricating oil and paraffin, and those of Japan. 

3. Crude Paraffine. — Under this head may be understood the more 
or less compact solid material which often accompanies crude petroleum, is 
deposited from it on standing, and in some cases is found in extensive depositB 
independently of it Thus, a deposit of buttery consistency separates from 
some crude oils, such as Bradford oil, and adheres to the pumping machinery 
and derrick, forming a crust which has to be scraped off from time to 
time. The same oils deposit crude paraffine in the pipe-lines, necessitating 
a periodical scraping of the interior of the pipe-lines. Much of the 
deposit which accumulates in the storage-tanks of crude oil is of the same 
material. 

More important, however, is the occurrence of solid native paraffine, 
under the name of " ozokerite," or earth-wax. The best-known locality 
for this native paraffine is Boryslaw, in Eastern Gralicia, although it is found 
also in the Caucasian oil district, and in Persia under the name of " nefl)- 

il," and a few years ago was found in Southern Utah, in the United States. 

n color it varies from dark green to black, and ])ossesses a lamellar or 
conchoidal fracture, according to the variety. It fuses between 56® and 
74® C, or even higher. In chemical composition it does not differ mudi. 
from the separated paraffine of petroleum oils. 

4. Bitumen and Asphalt. — We may have liquid bitumens, usually 
called maUhaSy and solid bitumens, called asphalts. Both may be considered 
as alteration products of petroleum hydrocarbons resulting from evaporatioa 
and oxidation. 

Maltha (or mineral tar) was first found at Bechelbronn, in Alsace, and 
was studied by Boussingault, who described it as a viscid, tarry liquid of 
bituminous odor and a specific gravity of .966. It contains besides nydrO" 
carbons both sulphur and nitrogen. 

In the Unit^ States malthas are found in California in Kern, VentuJ^ 
and Santa Barbara Counties, as well as in Utah, Kentucky, Tennessee, aO 
Texas. Those from California, which have been chemically examined, i^ 
variably contain some nitrogen present in the form of basic hydrocarboif- 
They also contain some water and dissolved gases. 

The purest of the solid bitumens are known sometimes as "glanc 
pitch" or " gum asphaltum." Prominent among them is gilsonite whic 
IS found in the Uintah Indian reservation in Wasatch and Uintah Countie 
Utah. The purity of this product (some ninety to ninety-^ight per oen 
soluble in carbon disulphide) is such that it finds large application in tl 
manufacture of varnishes and insulating compounds, the production beii 
some three thousand tons annually. 



t 
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cases. This at once indicatt-s quite clearly the value of natural gas ( 
fuel aad its lack ni' vahie iu the natural stiite for illuminating pnrpt 
But tliat it can Ix- readily converted into an excellent illuminating gas 
l)ecn shown, and in Western Pennsylvania, where natural gas is abund 
it is Ixiing used tor illuminatinn as well as for fuel. To illustrate the tr 
meiit tliat is necesaary for die purpoae we may describe the McKay 
Critclildw piiiceas, which has jiroven quite successfhl iu practiw. 
apjiarutus, as shown in Fig. 1, con-sii^ts essentially like the wattr-gas f 
eratora of a combustion -chamber 
filled with coal bruiizht to ii 
white heat by an air-blast and 
a, fixing-chamber above filled 
witli fii-e-brick, where the ga,s- 
«niB products of tbe first reac- 
tion amibine with oil vapors to 
ibmi a |]ermauent illuminating 
gas. The procedure is as foUoivs ; 
The fuel having been rendered 
thoroughly incandescent, and the 
fire-brick structure having been 
heated to a light orangi^ tint, the 
air-blast is shut off, the lid of 
the cupola closed, and the gas 
outlet opened. Natural gas is 
then iutroduced into the ash-pit 
and forcetl up and through the 
incandescent luel-bed, depositing 
its carbon on the Hiirfaces of the 
fuel as decomposition is effected, 
and hydrogen g<is is tlius liber- 
ated, which, i»assiiig up through 
the oi>en efiamber, meets the 
vajmrs of the hydrocarbon, 
which is projected into the 
chambers by means of a sleam- 
or gas- injector. All of these 
procluets of deeoniiHjsition jmiss- 
ing together into the up(>er or 
fixing chamlter, a part of tlie 
hydrogen unites with the heavy 
liydrocarl>ons, producing the 
lighter hydro<«rbons, while an 
intimate mixture of all tbe ga.ac9 is effected, forming a completely pen 
nent illnmiuating ras, wiiich passes off through the water-seal, eondena 
Bcriibbei-s, imd purifiers to the nolder in the oi-dinary way. Natural g« 
used (juile largely now with Welsbach burners, and an excellent ilium: 
tion is llius obtained. 

Natural gaH is also burned for tbe pniduction of a very pure gradi 
lamp-bW'k. This manufacture, fii-st carried out at Ganibier, Ohio, is 
intrmluceil at various ])laces in tbe oil i-f^ions of Pennsylvania. Th< 
is liurne<l from rows of burners placed in such jKisition that the flam' 
pingea njwn slate or metallic slabs or revolving cylinders, and tliere dej 
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seventy-five to eighty per cent, of burning oil is obtained, while the re- 
siduum- from which the lubricating oil is gotten is reduced to six per cent 

A general outline of the petroleum refining process as at present con- 
ducted is presented in tabular form on the accompanying diagram. 

The process is generally divided into two quite distinct imrts. Ihe 
benzine and burning oil distillate are run from the same still, when tJie 
fluid residuum is transferred to what are usually called " tar-stills, in wnicu 
the rest of the distilling operation is conducted. 



Fig. 2. 




Lateral vertical section of cylindrical Btill. 




Transverse vertical 8ec«:ion of cylindrical still. 

The crude-oil stills are of two forms, the cylindrical still, as iln 

trated in section in Fig. 2, and the '^ cheese- 1 )ox'' still, although the latter 

little used now. The former consists of a cvJinder of l)oiler-platc, i 

lower half f)eing generally of steel, thirty feet in length by twelve feet j 

inches in diameter. This still is set horizontally, as shown in the sectioi 

view, in a fnrnaoo of brick-work, usually so r*onstructed that the up] 

part of the still i^ exposed to the air. The " clieese-box'' still has a h( 

and dome-shaj>ed top of boiler-plate and a double-curved lx)ttom of si 

plate. It is thirti3^ feet in diameter and nine feet in height, and is set o 

ries of brick ai-<z5bes. The working charge of the cvlindrioal stills 
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I 



about sevon hundr«l barrels of crude oil, although nccaaionally stills of 
one tliou«inil barrels' <?a[iacitv have been used. The still Is usually pro- 
vided with coila of stoain-piprs, both closed aud perforated. The t^teiiiu, 
isEiiiag in jets from the perlbratt-d pipe, has l)een found to facilitate dia- 
tillation by carrying over niecbanioally the oil vaiwrs. 

The raudensiug apparatus varies somewhat iu the details of its eon- 
Btruction, but consists essentialty of long coils of pipe immersed in tanks, 
through which water is kept flowing. The terminal portions of the con- 
den.siog pipes all converge and enter the reeeiving house wilhin a few 
inches of each other. Near the extremity of each a trap in the pipe is 
made for the purpose of carrying away the uucondensabie va|K>r. This 
may be allowed to escape, or is burned underneath tlie boilers or stills, 
effecting thereby a large saving in fuel. Tiie condensing pii>es generally 
deliver into Ixix-liko receptacles, with j>Iate-gla88 sides, through which tlic 
running of the distillate can be observed, and from which test portions tan 
be taken fR>m time to time for the proper control of the process. 

The tar-stills are usually of steel, cylindrical in shape, holding abont 
two hundretl and sixty barrels, and arc set in groups of two or more, sur- 
ronnded by brick-work. They are either upright or horizontally placed, 
usage inclining now to the latter position. Vacuum-stills have been and 
are still used to some extent, especially in the preparation of reduced oils 
for the manufacture of lubricants and products like vaseline. Of miirse, 
the evaporation in these stills takes place rapidly, and at the lowest temper-, 
ature possible, insuring a fractional distillation and not a decnrnjiositioii. 
If superheated steam be used, moreover, instead of direct tiring, it is pos- 
sible to reduce oils to 2(5" B. without any pttxluctlou of pvrogenic products, 

* -.:ii 1 ......L - _i.,„.„i .,. — :. :.- -iiown in Fig. 3. Contint - 

distillation has 
proved commercially 
successful in the 
United States. la 
Russia, on the o 
hand, continuous dis- 
tillation liai< been emi- 
nently successful, 
i)cing especially suited 
to Baku i)etr(ileum, as 
the quantity of burn- 
ing oil separated being 
comparatively small, 
the residuum is not 
verj- much less fluid 
than the cnide oil. 
The stills, each of tlift 
capacity of four tliou- 
sand four hundred gal- 
lons, are arranged 
groups or series of no) 
more tlian twen^--fivfli 
I shown ill Fij^-s. -1 and 6, une of which is a front ii-iew, and the other a section, 
L wd a sti-itini of oil is kept continuously flowing through the entire numlxr. 
■ Tlw rmi.)^ nil ,.«.„.;,... »i,„fi«, =.:ii parts with Its most volatile constituentar 
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puiog into the OQXt Btill, haa ratber leaa volatile hydrocarbons dietilled 
mm it; and, finally, flows from the last still in the condition of residuum, 
irhidi io Russia is termed as- 
latii, or magui. The several 
m\k are maiutaintKl at tem- 
peratures corresponding with 
theUiiling-pciiiits oftheprod- 
Bd.-i to be viilatilized. Su[>er- 
beflted steam is used for alt the 
etills, the steam being doliv- 
md jartly under the oil and 
jartlv above the level of the 
«!,— that is, in the vapor space 
ilMive. The fuel u^cd under 
ill the stills in Baku is ])etro- 
leiim residuum, or wttatlH. 

To recur, now, to the products of the first miipth distillation of cnide 
cal, the first fraction, known as the " l)enzine distillate," and amounting 
iMially to twelve wr cent, of the crnde oil, is redistilled by steam beat in 
ovIiDdrical stilU, liulding five hundred barrels, and is sometimes scparatol 
into the following products: cj-m<wene, 100° to 110° B. gravity ; rliigo- 
lene, StO° lo 100" B. gravity ; gasolene, 80° to W B, gravity ; naphtha, 
'll° to 76° B. gravity ; Itenzine, 6^° to 70° B. gravity. 

The time occupied in working the charge is ulxiut forty-eight hours. 
He percentage of these products varies, but, a;* a nde, amounts to about 
twenty-five per cent, of the first three collectively, rather more than twenty- 
five per cent, of the imphtha, and alxmt forty per cent, of tlie benzine. 
The deodorization of the ln-nzine which is to be used for solvent puriMises 
m pharmacy or the arts is etlbcted somewhat after the manner to be destTilted 
imaer burning oils by the action of sulphuric acid. Only the proportion 
of acid used is much smaller and the agitation is ei!(>cted by revolving 
paddles instead of by an air-blast. One-half of one ]>cr <-ent. is sufficient 





in thiB case. Other pn>ccs.s<'H have l)een i)ro|)ose<l lor the dinxiorization, 
such as the use of mixtures of sn]])huric and nitric a<'ids with alcohol, 
which produce ethereal iir<Kliirts which are said to neutralize and destrtiy 
the bvDJEine odor. 

Tlie treetmcDt of the illnininnting oil fraction is a more important 
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of vaseline. Beyond that the filtrate is known as "filtered cylinder oil," 
and is used as a lubricant exclusively. 

3. Of Ozokerite and Natural Paraffine. — ^The Galician ozoker- 
ite is in the main a natural paraffine, but contains some oil in mechanical 
admixture. Until within ten to twelve years ago it w-as worked exclusively 
for the production of paraffine, but now not more than one-third of the 
annual production is so worked. The most of it is distilled, yielding five 
per cent, of benzine, fifteen to twenty per cent, of illuminating oil, fifteen 
per cent, of " blue oil," and about fifty per cent, of paraffine. The " blue 
oil" is a butterj^-like mixture of heavy oils with paraffine crj'stals, and cor- 
responds to a jmraffine oil as distilled from petroleum. It is run into filter- 
presses and pressed, first cold, and then the press-cake broken up and 
pressed warm to remove the adhering oils. If the paraffine scale so obtained 
is to be worked up into block paraffine, it is repeatedly treated with benzine 
of not over .785 si>ecific gravity, and pressed, then melted and filtered 
through bone-black, as before described under petroleum paraffine. 

If the ozokerite is to be worked up as a whole into the wax-like product 
known as Ceremne, the operation may be conducted in one of two ways. 
The older method was, after a preliminar\' melting of the ozokerite, to 
free it from earthy impurities, and continuing the heating until all water 
was driven out of the melted mass to treat it with ten per cent, of sulphuric 
acid as long as sulphurous oxide was evolved. This was followed by treat- 
ment with water and soda solution. To more thoroughly separate out the 
black carbonaceous matter produced by the action of the sulphuric acid, 
one-half to one per cent, of stearic acid is added, and this then saponifiecl 
with caustic soda. The soap so formed carries down all carbonaceous 
matter with it, and allows the oeresine to he filtered clear by using filter- 
pajjer. The product is the Yellow CWesine, much resembling beeswax. The 
White Ceresiney resembling bleached l)eeswax, is gotten by melting the yellow 
ceresine by the aid of steam, digesting it with bone-black, with frequent 
stirring, and filtering through i)ai)er. The newer method, more frequently 
followed now, is to extract the ozokerite with benzine and ligroine. The 
forms of apparatus devised for this puq)ose allow of a complete exhaustion 
of the ozokerite mass and a subsequent recovery of the solvent used in the 
extraction. 

The natural paraffine that separates s[K)ntaneously from crude petroleum, 
and accumulates at times, as before mentioned, in pipe-lines, etc., is chiefly 
used as a basis for the manufacture of vastJine and similar products, being 
melted and fiitere<l through bone-black, as already described. 

4. Of Natural Bitumens and Asphalts and of Bituminous 
Shales. — The asplialt or solid bitumen from the Island of Trinidad is 
exjwrted largely to the United States, where it is used in the manufacture 
of roofing materials and of asphalt pavements. It yields from one and 
throe-fourths to two and a half j)er cent, of jmraffine on distillation, and 
contains sulphur as an invariable constituent. Efforts made to manufacture 
illuminating and other oils from the asphalt have failed of practical I'esults. 

Within recent years artificial asphalts have been made by a variety of 
methods. As already mentioned, the California petroleums all Si*eni to 
have an asphaltic instead of a paraffine base. Hence the residuum from 
the refining of California crude oils is manufactured into artificial asphalts. 
As much as eleven per cent, of artificial asphalt has been obtained in prac- 
tice from Ventura County petroleum. 
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Again, artificial asphalts have been made by treating Lima, Ohio, 
petroleum with a current of heated air until all volatile products are driven 
out The product byerlite is thus obtained. 

Still another process consists of melting oil residuums with sulphur and 
heating until a product is obtained which becomes solid on cooling, wbile 
hydrogen sulphide is set free. By far the most interesting production of 
artificial asphalt Ls that of Dr. W. C. Day, who distilled a mixture of fish 
and pine wood and then submitted the oil obtained to a second destructive 
distillation. The residuum left when the distillation was carried to about 
425° C. solidified to a black, shining mass, which in physical properties 
and chemical composition strikingly resembles Utah gilsonite. 

Ver}' much more important are the industries bas«i upon the distillation 
of bituminous shales. As these shales do not contain either liquid or solid 
hydrocarbons as such, but much more complex compounds called bitumens, 
the distillation is exclusively a destnictive one, and the character of the 
distillation products becomes dependent ujwn the conditions of the opera- 
tion, temperature being the most important consideration. The theory of 
destructive distillation will be entered uj)on at length later (see p. 347), and 
we will here only say that for j)araffine and illuminating oil pnxluction the 
distillation is essentially a low-temperature one. 

The material originally used in Scotland was Boghead coal, or the 
Torbone Hill mineral from Bathgate, near Glasgow, which was exhausted in 
1872. This yielded thirt}' -three per cent, of tar or oily distillate and one 
to one and one-half per cent, of crude paraflBne. At present shales are 
used, which fiimish about thirteen per cent, of tar. The material for the 
German paraffine production is an earthy brown coal, which, when dr>^, is 
of a light-brownish or yellowish color and crumbling character ; it yields on 
an average 8.1 per cent, of tar and .6 per cent, of paraffine. The shales are 
usually distilled with some steam, which increases the amount of the tar, as 
well as the ammonia from the shale. The distillation mav be intermit- 
tent, but in Scotland is now carried on in a continuous process by the two 
methods devised by Hendei'son and by Young & Beilby n^i^ectively, the ex- 
hausted shale being dropped from the bottom of the upright retort into a 
combustion-chaml)er beneath. As the spent shale sometimes contains as 
much as from twelve to fourteen per cent, of cari)on, this, with the uncon- 
densetl gas of the distillation, suffices for fuel. The several products of the 
distillation are (1) gas, which is freed from gasolene vapors by ]>assing through 
a coke tower, down which heavy oil is trickling ; (2) watery or animoniacal 
liquor, which is obtained to the amount of from sixty-five to eighty gallons 
|H.T ton of shale, and yields from fourteen to eighteen pounds of sulphate of 
ammonia per ton worked ; (3) oily liquor, or tar proper, of dark greenish 
color, and ranging from .865 to .880 in specific gravity, var\'ing in amount 
from thirty to thirty-three gallons per ton of shale u*ed. Tliis is distille<l 
in cast-iron stills holding from two hundred to two thousand gallons, for 
the purpose of purifying it, until only coke amounting to from five to ten 
per cent, of the tar is left. The mixed distillates (the paraffine magma being 
added to the others), according to the usage of the German paraffine-works, 
are stirred with two per cent, by volume of caustic soda solution in order 
to take up phenols and " creosote," together with other acid products ; the 
soda washings drawn off below, and the supernatant liquid, after washing 
with water, is agitated with five per cent, of sulphuric acid. The refined 
oil Is now fractionally distilled. The first fraction (sj>ecific gravity .60 to 
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.68) is a gasolene used for carburetting illumiDating gas ; the second (speci- 
fic gravity .68 to .76^ is naphtha, used as a solvent ; the third (specific 
gravity .81 to .82) is illuminating oil ; the fourth lubricating oil (specific 
gravity .865 to .900). The next distillate solidifies on cooline, yielding 
brown crystals of hard paraffine, whose mother-liquor, removed by a filter- 
press, is '' l)lue oil,'' whence more but soft crj-stals can be obtained by arti- 
ficial refrigeration. The mother-liquid of tliese is again treated with 
vitriol and soda and distilled ; the earlier fractions constitute heavy illumi- 
nating oil, the later lubricating oil. The |)eroentage of solid paraffine 
gotten from the cnide shale oil is from eleven to twelve and a half per 
cent. The shale oil does not yield any product corresponding to vaseline. 
B. Hubner, a (xerman paraffine manufacturer, believing that the distilla- 
tions of the process just descrilKxl act injuriously upon the quantity and 
hardness of the paraffine obtained, has modified the process as follows. He 
treats the crude shale oil with sulphuric acid, and, after the separation of 
this, distils the oil over several per cent, of slaked lime. After the crys- 
tallization of the paraffine fn>m the distillate, it is purified by washing with 
shale oils and pressing. He thus avoids one distillation and obtains a larger 
yield of paraffine, distinctly harder in character than the usual product 

In the Sivtch shale-works the distilltil oil is treateil first witn sulphuric 
acid and then with caustic stnla, as in the purifying of jK^troleum oils, and 
then fractionallv distilleil. Those fractions are ai!:iin treated with acid and 
alkali before l)eing ci>nsidered pure enouirh for the market. In some works 
(as those at Bn>xbuni) ivntinuous distillation is practised, so that a set of 
three boiler stills and two residue- or <.*oking-stills, used together, can put 
thn>u^h thirty-five thousiiiid gallons of crude oil per day. The solid 
iviraffine, by careful pnx*esses of extraction, can be brought up to twelve 
and a half per cent. 

m. Products. 

1. From Natural Gas.— (*/^ fWi (J/m. — The great value of natural 
gas as fuel for manutlu'turing and industrial purposes has only been real- 
izeil in recent years, and it was rapitlly iiitnHUK*ea as a substitute for coal 
and coke. In Western Pennsylvania and Ohio, particularly in Pittsburg 
and its vicinity, for manufacturing pur[K>^»s. it liad for a time almost en- 
tin4v displaceil o>al and a»kc. but its pnxluction has reached a maximum, 
and is now rapidly falling off iKspite the opt^ning of new wells That 
natural gas. largt-ly made up of methane anil similar hydrocarbons, is one 
of the Ust of gaseinis fuols is Sivn fn>m the ai\\>miianviug table, prepared 
by a Lvmmittee of the .\jnerican Stniety of Mechani«d Engineer^ : 

Htat -iTvLtx V ^bvsi * ... Number of cubic feet needed 

o::^' c\:»'-V" t". /■••" '^'- ii> evapnimie l'»>p»>uuds 

HvJr u" :i Ivi 1 .»Q.. 



- - . l'V;» 1 -i-.i 

i .1 -•>:■. k" ox-.-.:o . . t-c.j \.\ 

■»• LO 9:5.S 
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iigrmmr.— Boiling-point, 80° to 120° C. Specific gravity, .710 to .730, 
or 67° to 62° B. For solvent purposes in pharmacy and for burning in 
sponge-lamps. 

Benzine (deodorized). — Boiling-point, 120° to 150° C. Specific gravity, 
.730 to .750, or 62° to 57° B. Used as a substitute for turpentine, for 
cleaning printers' type, and for dyers', scourers', and painters' use. 

Burning Oily or Kerosene, — The different burning oils are known often 
by special names, of which the numl^er is legion, but they are graded by 
the American petroleum exporters chiefly according to the two standards of 
color and fire-test. The colors range from pale-yellow (standard white) to 
straw (prime-white) and colorless (water-white). The fire-tests (see p. 33), to 
which the commercial oils are mostly brought, are 110° F., 120° F., and 
150° F. ; that of 110° going mainlv to the continent of Europe and to 
China and Japan, and that of 120° to England. An oil of 150° F., fire- 
test, and water-white in color, is known in the trade as " headlight oil." 
An oil of 300° F., fire-test, and si)e(ific gravity .829, is known as " mineral 
s|>erm," or " mineral colza oil." " Pyronaphtha" is a product from Rus- 
sian petroleum, s<miewhat similar to mineral sperm oil. It has a specific 
gravity of .865, and fire-test of 265° F. 

Lubricating oils from i)etroleum have assumed an importance which 
is increasing every year. Some crude petroleums, like those of Franklin 
and Smith's Ferry, Pa. ; Mecca, Ohio ; Volcano, W. Va., and other local- 
ities, are natural lubricating oils, I'equiring little or no treatment to fit them 
for use. The other |>etroleuni lubricating oils arc gotten in one of two 
ways. Either by driving off the light hydrocarlx)n8 frnm the crude oil, 
yielding what is called a " reduced oil" (see p. 25), or they are the • iI^ 
gotten by distilling the [)etroleum residuums in tar-stills. 

The lightest of the lubricating oils, varying in gravity from 32° B. to 
38° B., are frequently called ** neutral oils." They are largely used for the 
purjK)se of mixing with animal or vegetable oils, and it is therefore neces- 
siiry that they should be thoroughly deodorized, decolorized, and deprived 
of the blue flu()res(»ence or " bloom" characteristic of j)etrolcum distillates 
that c*ontain paraffine. The first two results are accomplished by lx)ne- 
bla(»k or clay filtration, the la&t in various wavs, such as treatment with 
nitric acid, addition of small quantities of nitro-naphtiia'enes, etc. 

Heavier lubricating oils are calU'd "spindle" and "cylinder" oils. The 
most important characters to bi* ]H)ssess(Hl bv these oils is high fire-test, low 
(»old-test, and a high vis<*<)sity. (See analytical tt^ts, p. 34.) 

In the matter of lui)ricating oils the Russian j)r(Klucts are, it is now 
admitted, distinctly sujX'rior in most respects to the American. This is be- 
cause of the entire difference in the chemical composition of the two, the 
hydr(K*iirl)ons characteristic of the Russian oil l)eing heavier and showing 
less tendency to st)lidify at low temperatures than those of the American 
oils. The following statement from Boveiton Redwood will illustrate this : 

Vis<H>siiy Viscosity Loss in viscosity, 

at 70-^ F. at 120° F. per cent. 

Ru-inn oil (sp. i^r. .913) 14(X) HW 88 

American oil (^i^irr. .914) 1>:U 6*5 71 

Russian oil (>p. ^r. .907) r,49 135 79 

Anioriean nil sp i^r. .907) 171 58 6H 

Ru-ian ..il (>p i^r. .898) 173 66 «7 

Americ-an oil isp irr. .8911 81 40 50 

R«*tin«'dr}ij>e oil (for oonij>jiri*«»nl O'Jl 112 65 
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ft is true that the disproportion is chiefly at lower temperatures, the Rus- 
1 oil losing its body relatively faster than the less viscous American oil. 

Parqfine differs somewhat in its hardness and melting point according 
he source from which it is derived. The j>etroleum paraffine is manu- 
ured generallv in three qualities, fusing at 125^ F. (51.6° C), 128° F. 
.3° C), and 135° F. (57.3° C), i-esi^ectively, paraffine from shales melts^ 
>6° C, while that from Rangoon tar melts at 61° C. and that from 
kerite at 62° C. The harder varieties are bluish-white, translucent, 

glassy on the surface, while the softer varieties are alabaster- white, dull 
lustre and only translucent when heated. The harder varieties are 
luaut. Paraffine is readily soluble in ether, benzene, and all light hydro- 
[x>nSy ethereal and fatty oils and carbon disulphide, not entirely in abso- 
? alcohol ; while ordinary alcohol only takes up 3.5 j^er cent, of it. 
mixes with stearine, sj)ermaceti, and wax in all proportions. Exposed 

some time under a slight pressure to a temperature below its melting 
nt, paraffine wax undergoes a molecular change and becomes trans- 
ient ; but upon a change of temperature, or upon being struck, the original 
nslucent appearance returns. 

The harder variety of paraffine is used chiefly in candle-making, for 
lich purpose, however, a small proportion (five per cent.) of stearic acid 
iftt be added to it to prevent the softening and bending of the candle. It 
also used for finishing calicoes and woven goods, to tlie surface of which 
imparts lustre. The softer varieties are used for mixing with wax and 
Baric acid in candle-making, for the preparation of translucent and water- 
xiof {Kiper of all grades, for impregnating Swedish matches, for the adul- 
ration of " chewing-^ums," and, in recent years, for " eufleurage" or extract- 
ig delicate perfumes from flowers. 

3. From Ozokerite and Natural Paraffine. — The character of 
veral of the products now obtained from Galician ozokerite, viz., illuminat- 
g and lubricating oils and paraffine, has been sufficiently described under 
her heads. The peculiar product known as Ceresine, gotten from ozokerite 
ithout distillation, remains to be described. It resembles l>eeswax very 
eatly in apjiearance, but is of lower specific gravity, ranging from .915 to 
J5, while wax is from .963 to .969. The fusing point of ceresine varies 
ira 68° C. to 80° C. Ceresine, with a fusing point of over 75° C, shows a 
cture and structure like that of wax. Its behavior to water, alcohol, ether, 
loroforni, fatty and ethereal oils is exactly like that of paraffine. Ceresine 
extensively used as a substitute for wax as well as for most of the uses 
bre given for paraffine. It is commended especially for the formation of 
trices for galvano-plastic work, proving in this resj)ect superior to gutta- 
x;ha. It is also being used instead of gutta-percha for hydrofluoric acid 
ties. 

4. From Bitumens, Asphalts, and Bituminous Shai.fjs. — It is 
y from the latter of these that produces of commercial imj)ortance are 
•ive<l. From the crude shale oil, already described, the following prcxlucts 

obtained : 

>>hale Oil Benzine. — Specific gravity .665 to .720, l)oiliiig-)X)int 80° to 
^ C, is colorless, of ethereal odor, and slightly ]>e|)permint-like taste, 
is used somewhat as a cleansing benzine, but mainly in the purifying of 

shale ])araffine. 

Photogene (shale naphtha). — Specific gravity .720 to .810, boiling-point 
>° to 150° C., has a slight ethereal odor and pepi>ery taste. It dissolves 
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IV. Analytical Teets and Methods. 

'or Natdsal Gas. — These are the methods employed for the 
of all varieties of illuminating gas, and wilt be referred to under 
ling. (See p. 387.) 
OB Cbcdb Fkfboleuv. — According to the rule of the New York 

Exdiange, " crude petroleum shall be understood to be pure natural 

ler steamed nor treated, free from water, sediment, or any adiiltera- 

the gravity of 43° to 48° B." (0.809 to 0.786 sp. gr.). In order to 

e whether the petro- 

a "pure natural oil" a ^Q- 8. 

} euujected to fractional 

3n, euh fraction being 

1 of the crude oil by 

and the deaeity of the 

listillatee is determined. 

ular gradation of the ! : 

of the fractions so ob- 

I taken as a satisfactory 
a that the oil is a nab- 
iuct. 
udge of the commercial 

a crude petroleum a 

II distillation is also de- 
For this purpose Eng- 

tem of distillation is to 
nniendcd. He uses a 
on flask, the shape and 
ins of which in cubic 
res are to be seen in 
One hundred cubic 
res of the oil is intro- 
ito the flask by the ud 
f»ette, and heat is ap- 
Ai first wire gauze is 
3d between the burner 

flask, but afterwards 
ed flame is employed, 

being so regulated that 
Fo to two and a half 
ntimetres of distillate pass over per minute. In this way frao- 
flerii^ from each other in boiling-point by 80°, 25°, or 20° C. 
obtained. As soon aa the requisite temperature (150° C. for the 
^ion) i9 attained, the lamp is withdrawn until the temperature has 
t least 20° C, when the oil is reheated to the boiling-iioint and 
K>led, this process being rejieated until no more distillate is obtained. 

is thea heated to the next boiling-jwiDt, and the cooling and 
ig process repeated, and so on. In this way results lan Ik- obtained 
at more than a variation of one per cent, even in the linnds of dif- 
)b6erver8. In practice the fractions up to 150° C. are added together 
light naphtha or benzine, those between 150° C. and 300° C. for the 
£ oil, aai thof*e above 300° C. for lubricating oils and residuum. 
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3. For Petkoleum Products. — For commercU! petroleum prodi 
which are, of course, mixtures of hydnxarboas, the boiling-point becoi 
of only secondary importance, while, with reference to their uses as ills 
nants, the element of safety comes into consideration, so that what ig a 
" flash point" and " burning poinr," together indnded iu what is knovH' 
"fire-test," becomes imfiortaiit For lubricating oils, the consisteDcy 
body determined in the viscosity-test and the " cold-test," or point to whi 
they can be chilled without separating pamEEne, are imirartant Fwl 
paraffiue and solid producfa the melting-point and amount of oil eocloeii^ 
are important. And for all classes the color is a not riuimportant gangt] 
of purity. So that the analytical tests for petroleum products may u 
summed up under the following heads : 

Specific gravity. 

f^rc-tcst, including flash-point and burning point. 

Cold-test. 

Viscosity. 

Melting point. 

Compression-test. 

Colorimotric tests. 

(a) Specific Grarlty Deierminaiimis. — "While, of course, the methods of 
the specific gravity bottle and the specific gravity balance are available, the 
determinations are, in the case of the liquid petroleum products, almost uni- 
versally made with hydrometers, and these may be of hvo kinds, either 
graduated so that specific gravities are read ofi' direct in decimal firtctions 
less than one, or graduated in the arbitrary scales of Bcaumf, Erix, Gay- 
Lussac, or Twaddle, the relations of which to simple fractional specific 
gravity numbers is known. In America and Russia the Beaumfi scale a 
universally adopt^-d ; in Germany, the Brix spindle is used officially by 
customs officers ; in Franco, the Gay-Lussac ; and in England, the Beaumfi 
scale for liquids lighter than water, and the Twaddle ior liquids hca\-ier 
than water. For the formulas for conversion of readings of these scales 
into specific gravity figures and for a complete table of Beaum6 d^rees in 
comparison with liie corresponding specific gravity figures, see Ajipendii. 
The use of direct sirccific gravity hydrometers is gradually extending, 
especially in Germany, as they do away witli the nea'ssitj' of all reduction 
tal)les. The spe<;ific gravity tables for licjuids lighter than water are calco- 
lated for a tcmpt^rature of 00° F., and in i>ractice it is customary to add to 
or subtract i'roni the observed siKtific gravities .004 for every 10° !■ 
above or Iwlow 60° F., and this is found to afford a suflScieatly cl«e 
approximation to the tnitli for all commercial purposes in the case of all 
the ordinary petroleum ])rodu<'ts. 

S Fire-tad. — Just as crude [wtroleum is dangerous because of the fat- 
pases, although its s]>eeific gravity may be relatively high, 89 
illuminating oils may give ofl", at temperatures far below their boiling- 
point, small amounts of inflammable \apors, which might make these oils 
dangcn>iis for use in lamps where the oil reservoir gradually becomes warm. « 
A distillate may have vapors of higher and lower boiling-povnt carried 1 
over with it. Two ])oiuta may be determined witii a petrol«=^^^tt^ "^^^'^ 
flashing point, GT ihc temperature at which the oil gives off v**^^'*^'^ 
mixing with air, cause an explosion or flash of flame, dying 01^"*^^!^^' 
at once, and the burning point, or the temperature at which ♦■^ '^^'^'^ 
lighted jet will ignite the liquid itself, which then coutiuues bj \^ "^^^ 
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temperature of ivhich ia noted by an independent thermometer. Altliough 
this was a decided im|>rovement on the tii-st Tagliabne api>aratus, it was 
found that, like the other oi>en-cup apparatus, it gave readings which 
were variable and higher tlian if the to|) of the cup were covered. This 
led to the study of the wliole subjert by Sir Frederick Abel, at the request 
of the English government, and the adoption by the English government 
as their official staudanl of the Abel tester. This has since been adopted 
by the German government as well, and is considered by many to be the 
most exact now in use. It is shown in Fig. 9. The following is a de- 
BcriptioD of the details of the apparatus : " The oil-cnp consists of a 




cylindrical vcs.-^cl, two iiirhcs in (lianictcr, two iind two-U'iitiis inches high 
(internal), with outward projecting rim five-tentlis inch wide, three-eightna 
inch from the top, and one and seven-eighths incites from tlic bottom of 
the cup. It is made of gmi-metal or brass (17 B. W. G.), tinned inside. 
A bracket, eonaiating of a short, stont piece of wire, bent upward, and 
tenninatiDg in a point, is fixed to the inside of tlie cup to serve as a gauges 
The distance of the point from tlie Ixrttom of the cup is one and a half 
inches. The cup is provided with a close-fitting, overlapping cover, made 
of brass ('22 B. W. G.), which carries tlie thermometer antf test-lamp. The 
latter is suspended irom two supports from the side by means of trunnions^ 
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npon which it may be made to osdilate ; it is provided with a spout, the 
mouth of which ia one-sixteenth of an inch in diameter. The socket which 
is to hold the thermometer is fixed at such angle, and its length ia bo ad- 
jiistfd, that the bulb of the thermometer, when inserted to full deptli, 
shall l>e one and a half inches below the centre of the lid. The t^ver is 
provided with three s^juare holes, one in the centre, five-tenths inch by four- 
tentha inch, and two smaller ones, three-tenths inch by two-tenths inch, 
close to the sides and opposite 
each other. These three holes 
may be closed and uncovered by 
means of a slide moving in 
grooves and having perforations 
corresponding to those on the lid. 
In moving the slide so as to un- 
cover the holes, the oscillating 
lamp is caught by a pin fixed in 
the slide and tilted in such a way 
as to bring the end of the sjiout 
just below the surface of the lid. 
Upon tile slide being pushed tjack 
so as to cover the holes, the lamp 
returns to ita original position." 
Not only are all the dimensions 
of parts in the Abel apparatus 
prescribed most minutely, but 
the method of carrying out the 
test must be followed in minute 
particulars in order to get accu- 
rate results. The opening and 
closing of the slide must be regu- 
lated either by a seconds pendu- 
lum or, as in the official German 
apparatus, by exat-t clock-work. 
It gives a flash-test which, on 
the average, is 27" F. lower than 
thiit of the open-cup apparatus, 
-i> tlmt 73° F. Al>el test is taken 
;i- the equivalent of 100° F. opeu- 
.iip test 

A German apparatus, which 
I ii- I'onstniction and operation, is 
H>'i!;ii:iiirr-: ti-tii-, -liuwii in i'^i^. 1M. Ill ir ihe results are to a considerable 
<le-jree independent of the dimensions uf tiie oil-cnp, size of flame, temper- 
ature of the water, etc. This apparatus shows to w*hat temperature a speei- 
iQcn of i>etroleum must be heated through and through in oriier that the 
vapor given ofl" mav suifice to make an explosive mixtiui! with a volume 
""air ejtaotly equal to the volume of oil. The glass oil-vessel, g, is set 
in the metallic water-bath, 6, and is exactly Iialf-filled with oil with 
Ifae aid of 3 measure accompanying the instrument The agitating paddles, 
e. agitate the oil and tile air-and-vapor mixture independently. The little 
flame or lamp for igniting the explosive mixture is attached to a button 
St c/fand hen? is a small hole through which the gas-and-air mixture eseapea, 







r 



PETROLEUM AND MINERAL OIL INDUSTRY. 

and, when ignited, yields a flame about five millimetres high. In making 
the test, af^r agitation uf the mixture, die button, k, is pressed duwn until 
the bttle flame is pushed below the surface, when, if the temperature of 
flashing has been reached, it ignites the explosive mixture of air and vapor, 
and is blo^vn out in turn by the slight pufF of the explosion. The appa- 
ratus is said to eive results agreeing perfectly with those gotten with the 
more complipated but official Abel tester. Other forms of apparatus are 
those of Engler (a closed test apparatus with the Saybolt electric spark 
attachmeut), of Parrish, used in Holland, and of Bernstein. 

Victor Meyer first adopted the principle that the true flash-iJoint of a 
petroleum is that temwrature at which air, shaken with petroleum, can be 
Ignited by a small name, and proposed the thorough agitation of the 
warmed oil to be tested with air be- 
fore applying the flame. The simplest 
form of apparatus in which this prin- 
ciple is applied is the flash-tester of 
St-Kldard, shown in Fig. 11. The 
air-current escapes from a fine-drawn 
Opening in the glass tube, and must 
raise a foam several millimetres in 
height on the surface of the oil. The 
cylinder containing the oil may be a 
small Argaud Uuuj>-cbimiicy, and the 
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vhole ap)wimtu3 is lu\\ciW into a wutcr-bath. Tlie little jet of flame is 
passed to and fro over the opening at the top of the ciiimney, while the thei^ 
mometer, immersed in the oil, is read. 

(c) Cold Tegt, — This is applied chiefly to lubricating oils. The ejEceutioD 
of it with Tagliabue's standard oil-freezer is shown in Fig. 12. The ghisa 
oil-cup, four inches in depth and three inches in diameter, is adjusted to a 
rocking shaft, seen at the side of the aip, so as to sliow by its motion 
whether the oil is congealing or not. Surrounding the oil-cootiug chamber 
is the ice-chamber, and outside of this is a non-condui-ting jacket filled 
with mineral wool. Three thermometers are use<:l '■ '>»t' in the oil-cup and 
the other two in the ice-cliamber to citlier side. Two stopcocks below, 
crjmmuuieatiug with the cooliiig-«;hainl)er, allow i>f ^'^ forcing in of warm 
atmospheric air to raise the tt-nijierature within vhen necessary. A gla* 
door in the side opposite the oil-cup allows of tl^^ reading of tin; thei 
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above ti) allow of tlie closing by the conical plug, b, and l)olow to allow of 
better flow of the escaping oiJ, lu the Kngler instnimeiit, illiiatratcd iti 
Fig. 14, atill greater care is taken to insure accurate moasiircnient of the 
volume of oil operated upon, and that it shall flow under exactly aimilar 
conditions in comi>arative tests. Two hundred and forty cubic centimetres 
of water fill the inner vessel just to tlie mark c, and when the temjterature 
of 20° C. (68° F.) is reatihea, two hundred cubic centimctrea are run out 
into the vessel below. The oil to be tested is similarly filled in to the mark, 
and when the temperature 20° C. is reached, after keeping the oil at this for 
some three minutes, the plug, l>, is withdrawn, and two hundred cubic centi- 
metres are run into the vessel below, while the time required ia accurately 





ujtcd. Tliia time in scenjiidri. lUvidc'd bv the time in socuiuk vciuircd lur llw 
running ol' the same volume of water, gives the specific viscosity or viscosity- 
grade, as Engler terms it. 

The lubricating value of oils can be determined best by actual use upon 
the surfaces where friction is felt, and instruments to determine such valiie 
are, therefore, based upon experimental trials of the diminution of friction on 
moving surfaces, when covered by the oils to be compared. Such an instru- 
ment is tlie well-known Thurston lubricating nil-tester, shown in Fig. 15, 
[ ID which both the resistance in the speed of revolution of a rotating axis due 
to friction and the heating of the axis and the bearing in which it rotates arfi 
measured. 

(f) Mdtiiiff Point. — The " melting point" of paraffine should rather Im 
called the congealing point, as what is taken usually is the temperature ri 
?hed, and while iu the process of coqI 



which the sample, after having been meitet) 
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(y) Colorimeiric Tests. — The color of petroleum oil is determined in ihi- 
United States (as r^ards oil ibr export), m England, and in Russia (in the 
case of oil for export) mainly by the use of the Wilson chromometer. In 
Germany they use both a motlifitation irndur the name of the AVilson- 
Ludolph chromometer and Stammer's colorimeter. The Wilson instrument, 
shown in Fig, 16 and Fig, 17, is fitted with two parallel tubes, furnished 
with glass caps, and at the lower end of the tub^ is a small mirror by 
means of which light can be reflected upward through the tubes with an 
eye-piece. One of these tubes is completely filled with the oil to be testtJ, 
and beneath the other tube, which remains empty, is placed a disli of ataintid 
glass of standard color. On adjusting the mirror and looking into the eye- 
piece the circular field is seen to be divided down the centre, each half 
being colored to an extent corresponding with the tint of the oil and of the 
glass standard respectively. An accurate comparison of tlie two colors 
can thus be made. The glass disks, which for the English trade are of five 
shades of color, termed good merchantable, standard white, prime white, 
superfine white, and \iater white, are issued by the Petroleum Association of 
London. In Germany, the Bremen Excliange recognizes seven shades of 
color, — straw, light straw, prime light straw to standard white, prime light 
straw to white, standard white, prime white, and water white. 

In addition to these special tests there may be mentioned a general 
melhod recently devised by A. Riche and G. Halphen (Jouni. Pharm. 
Cliem., 1894, xsx. 289) for determining whether a petroleum distillate has 
been obtaineil from American or Russian crude petroleum, and for distin- 
guishing crude petroleum from mixtures of petroleum distillate aud 
residuum. The process consists in the gradual addition by means of a 
burette of a mixture of equal volumes of anhydrous chloroform and ninety- 
three per cent, alcohol to fonr grammes of the sample of the oil uutil solution 
is effected and the liquid Itecomes clear. It was found that samples of cnide 
pelrnlenm required much more of the solvent lo produce a clear liquid than 
fractions of the s.'ime density obtained by distillation, and that the higher 
boiling fractions of American |ietroleuni required a larger quantity of Ihe 
solvent than sufficed for the Russian product of corresponding S|)eeific 
gravity. 

3. For Ozokerite. — The physical tests are the same as those for 
paraffine scale. 

4, For Asphalts. — When asphalts and bitumens are to be nsed for 
varnish-making, the determination of the total bitumen soluble in cnrlion 
disulphide or oil of turpentine suffices. When, on the other hand, iJie 
asphalt is to be considered with reference to its value for asphalt paving 
purposes, it is necessary to examine into the quality of the bitumen. For 
this purpose the total bitumen (amount soluble in carbon disulphide), 
orgamc non-bitumen, and ash are first determined. Then the amount of 
bitumen soluble in petroleum-naphtha (so-called pdrolene) is ascertained. 
The diflference between this and the total bitumen is called asphaltene. 

\ The former of these portions is in general tough and elastic, while the 
latter is hard and brittle. For paving purposes the asphalt should contain 
an excess of petrolene over asphaltene. Instead oi' petroleum -naphtha 
and carbon disulphide, acetone and chloroform may be used with advan- 
tage for the extractions. 

The liquid asphalts or malthas sometimes contain so much material 

.volatile at tenifiei-atures below 300° F. that the simple determination of 
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bitumen soluble in petroleum-naphtha would be misleading and valueless 
unless they were previously heated to drive off these light oils^ as these 
volatile portions are not comparable in value with the petrolene of solid 
asphalts. Therefore a test is commonly made of the percentage of loss 
in such asphalts when heated to 300^ F. or 400° F. for ten hours, and this 
is then taken in connection with the extraction tests. 

V. Bibliography and Statistics. 

BIBLIOGRAPHY. 

The following ligt of titles is not meant to be complete, but on\j ^ves the more 
import&nt published works of the last thirty years. It does not cover periodical literature, 
which ifi very voluminous : 

1866.— The Oil Regions of Pennsylvania, W. Wright, New York. 

1868. — Die Industrie der Mineral Oele, von H. Penitz, Part I., Vienna. 

1874. — Das Paraffin und die Mineral Oele, M. Albrecht, Stuttgart 

1876-86. — Reports of the Second Geological Survey of Pennsylvania on Oil Regions, 

Harrisburg, Pa. 
1877. — Petroleum Industrie Nord Amerikas, H. Hofer, Berlin. 

Geological Survey of the Oil Lands of Japan , B. S. Lyman, Tokio. 
1879. — Untersuchungen uber naturliche Asphalte, R. Kavser, Nuremberg. 
1880. — Die Industrie der Mineral Oele, H. Perutz, Part tl., Vienna. 
1881. — Petroleum und Erdwaohs, Burgmann, Vienna. 
1883. — Petroleum Central-Europas, J. L. Piedboeuf, Dusseldorf. 
1884. — Petroleum Distillation, A. N. Leet, New York. 

Naphtha and Naphtha Industrie, V. Ragosine, St. Petersburg. 
The Region of Eternal Fire, Chas. Marvin, London 
Photogen und Schmierol aus Baku'scher Naphta, F. Rossmassler, Halle. 
1886. — Le9ons sur le Petrole et ses D6riv68, Chas. Augenot, Antwerp. 

Census Report of 1880 on Petroleum and its Pn)ducts, S. F. Peckham, Washington. 
Destructive Distillation, Ed J. Mills, third edition, London. 
1886. — Verarbeitung der Naphta oder des Erdols, F. Rossmassler, Halle. 
1886-88.— Mineral Resources of the United States for 1886-88 (Petroleum, by J. D. 

Weeks), Washington. 
1887.— Das Eidol von Baku, C. Engler, Stuttgart. 

Cantor Lectures on Petroleum and its Products, B. Redwood, London. 
Practical Treatise on Petroleum, B. Crew, Philadelphia. 
Ueber das Deutsche Rohpetroleum, Kramer und Bottcher, Berlin. 
Das Deutsche Erdol, C. Engler, Berlin. 

Preliminary Report on Petroleum and Inflammable Gas, E. Orton, Columbus, Ohio. 
England as a Petroleum Power, Chas. Marvin, London. 
Fette und Oele der Fossilien (Mineral Oele), C. Schaedler, Leipzig. 
Petroleum, its Production and Uses, B. Redwood , New York. 
1888. — Das Erdol und seine Verwandten, H. Hofer, Braunschweig. 
Die Deutsche Erdole, C. Engler, Stuttgart. 
Schmierol Untersuchungen, A. Martens, Berlin. 
L' Asphalte, son origine, sa preparation, etc., Leon Malo, Paris. 
1889.-«L'Indu8trie du Petrole, Ph. Delahaye, Paris. 
1890. — Aux Pays du Petrole— Histoire, Ongines, etc., F. Hue, Paris. 
1892. — Das Erdol und seine Verarbeitung, A. Veith, Braunschweig. 

Production, Industrie et Commerce des Huiles Minerales aux J^Itats-Unis, Riche, 
Paris. 
1893. — Die Petroleum und Schmierolfabrikation, F. A. Rossmassler, Leipzig, 
Vegetabilische und Mineral-Maschinenole, L. Andes, Wien. 
Twentv Years' Experience of Natural Asphalt, W. H. Delano, London. 
1894. — Die Sclimiermittel, J. Grossman, Wiesbaden. 

Technologic der Landwirthschaftlichen Gewerbe und Abhandlung iiber Mineral 

Oele, Dr. B. von Powiuner, 4te Auf., Wien. 
Gas- and Petroleum-yielding Formations of California, W. L. Watts, Sacramento, 
California. 
1895. — Petroleum and Natural Gas, Wm. T. Brannt, Philadelphia. 

Groves and Thorp's Chemical Technology, vol. ii.. The Petroleum Industry and 

Lamp, Boverton Redwood, Philadelphia. 
Die Faorikation der Mineral Oele, W. Scheithauer, Braunschweig. 
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1896. — Petroleum and its Products, Boverton Redwood, two vols. , London and Philadelphia. 

Le P^trole, Riche et Halphen, Paris. 

Lubricating Oils, Fats, and Greases, Geo. H. Hurst, London. 
1897. — Oil- and Ghts-yielding Formations of Los Angeles, Ventura, and Santa Barbara 
Counties, Sacramento, California. 

Die Untersuchung der Schmiermittel, Dr. D. Holde, Berlin. 

Mineral Oils and their By-products, I. I. Redwood, London. 
1898. — Ueber Hannoverisch Erdomvorkomnisse, Dr. Otto Lang, Hannover. 

On the Nature and Origin of Asphalt, Clifford Richardson, New York. 

A Short Hand-Book of Oil Analysis, A. H. Gill, Philadelphia. 
1899. — Der Asphalt und seine Anwendung, W. Jeep, Leipzig. 
1900. — Allen's Commercial Organic Analysis, third eoition, vol. ii., Partii., Philadelphia. 



STATISTICS. 

1. For Natural Gas. — As already stated, the production of natural 
eas in the United States has reached a maximum and is now steadily 
decreasing. 

Valit£ of Natural Gas consumed in the United States. 189S—1898, 



LOCAUTIES. 



Pennsylvania 
New York . . 

Ohio 

West Virginia 
Indiana . . . 
Other States . 

Total . . 



1893. 



$6,488,000 
210.000 

1.500.000 
123,000 

5,718.000 
307,250 



$14.ai6.250 



1894. 



86,279,000 
249.000 

1,276,100 
395,000 

5,437.000 
318.300 



813,9!>l,400 



1895. 



85,852.000 

241.530 

1,255.700 

100.000 

5,203,200 

354,220 



$13,006,650 



1896. 



$5,528,610 
256.000 

1,172,400 
640,000 

5,043.635 
361,867 



$13,002,512 



1897. 



$6,242,513 
200,076 

1,171.777 
912.528 

5,009.208 
290,290 



lo9s. 



$6,806,742 

229,078 

1,488.308 

1.834,023 

5,060,969 

877,693 



$13,826,422 



$15,296,813 



(Mineral Resources of the United States for 1898.) 

2. For Petroleum. — The production of petroleum in the United 
States during the past five years, according to " Mineral Industry of the 
United States for 1899," is as follows : 

Barrels (42 gal.). Metric tons. ^'*{,'^*u'c^^ ^' 

1896 65,033,495 7,677,364 $74,776,761 

1896 55,254,795 7,708,286 65,753,216 

1897 57,124,783 7,992,046 44,914,360 

1898 51,774,465 7,243,509 42,100,622 

1899 54,048,100 7,566,734 62,911,637 

The distribution of this production over the diflferent States for the 
years 1 894-99 is thus shown on the same authority : 



State. 



Appalachian field . . 
OliK) (Lima field) . . 
Indiana (Lima field) 

Colorado 

California 

Texas 

Other States 



Totol 



18W. 



Barrels. 

30,622,336 

13,891.795 

3.68H.f.66 

H03,00(^ 

fiOO.OOO 

none. 

44,.300 



49,650,097 



1895. 



Barrels. 

30.406.693 

18.415,6:n 

4,38f).132 

.t:«.()00 

1.245.339 

none. 

49,300 



55.033.095 



1896. 

Barrels. 

33,4.V)..571 

1.5,362,176 

4,659,290 

40O..M)O 

1,257, "SO 

none. 

119.478 

55,2.M,295 


1897. 


1898. 


1899. 


Barrels. 

34.724.700 

15,.307,376 

4.353.l:« 

650,000 

1,911.569 

65,000 

113,000 


Barrels. 

31,100,360 

13.377..590 

3,751.307 

650,000 

2,249.088 

544,620 

101,500 


Barrels. 

33,158.664 

13.443.425 

3,772,011 

600.000 

2,365.000 

600,000 

109.000 


57.124,783 


51,774.465 


54.018.100 
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Th6 exportation of crude oil and the various products therefrom for 
the years 1894-98 is shown in the annexed table from the authority last 
quoted, p. 537 : 



Ymr 

exMling 
Dec 81st. 


Mineral erode (aU gnTl- 
ttes). 


gasolene, etc. 


Illuminating oils. 


1894. . 

1895. . 

1896. . 

1897. . 

1898. . 


Gallons. 
114,269,000 
116,106,000 
118,188,000 
121,864,000 
120,486,000 


Dollaa. 

4,617,000 
6,286,000 
6,082,000 
5,044,000 
5,019,000 


Gallons. 

14,882,000 
12,922,000 
18,641,000 
18,704,000 
17,255,000 


Dollars. 
904,000 
1,000,000 
1,123,000 
1,020,000 
1,071,000 


Gallons. 
726,727,000 
686,006,000 
758,076,000 
804,446,000 
764,823,000 


Dollars. 
29,799,000 
43,540,000 
49,704,000 
46,896,000 
88,895,000 


Ymr 

ending 

DecSlst. 


Lalvicating and heayy 
parafflne oils, etc. 


Besidunm and tar, 
pitch, etc. 


Total. 


1894. . 

1895. . 

1896. . 
1897 . . 
1898. . 


Gallons. 
88,975,000 
47,876,000 
51,705,000 
52,679,000 
65,526,000 


Dollars. 

5,137,090 
6,289,000 
6,770,000 
6,732,000 
7,626,000 


Gallons. 

119,000 

170,000 

521,000 

12,247,000 

30,436,000 


Dollare. 

10,000 

15,000 

28,000 

835,000 

815,000 


Gallons. 
894,922,000 
863,082,000 
942,076,000 
1,004,941,000 
998,476,000 


DollaiB. 
44,468,000 
57,131,000 
63,657,000 
60,007,000 
53,428,000 



According to the Petroleum Review, the domestic consumption of refined 
petroleum in 1890 reached 11,000,000 barrels ; in 1891, 12,000,000 barrels ; 
in 1892, 13,000,000 barrels ; and in 1893, 14,000,000 barrels. 

The exportations of paraffine and paraffine wax for the years 1895-97 
bave been, according to '^ United States Bureau of Statistics,'' as follows : 



1895 95,076,165 pounds, valued at $3,569,614 

1896 105,882,575 *' ** 4,406,841 

1897 126,865,128 " ** 4,957,096 



Closely connected with the oil-fields of the United States are those of 
Canada. The production and value of Canadian petroleum for the years 
1894-99 are, according to " The Geological Survey of the Dominion of 
Canada," as follows : 

Production in barrels of voi.io 
85 imperial gallons. ^ "^®- 

1894 829,104 $835,322 

1895 726,138 1,086,738 

1896 726,822 1,155,647 

1897 709,857 1,011,546 

1898 758,891 1,061,747 

1899 808,670 1,202,020 



Next in importance to the oil-fields of the United States and rapidly 
increasing in tneir production are those of Russia. The total produc- 
tion of crude petroleum on the Apsheron peninsula and shipments of 
petroleum products from Baku for the years 1894-98, according to 
" Mineral Resources of the United States for 1898-99," p. 144, were as 
follows : 
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(1 barrel = 1.88 metric centners ^8.42 poods ^1.59 hectolitres. ) 



Tears. 


Fiodaction, 


Shipments from Baku. 


nimninating 
oU. 


Lubricating 
oiL 


Besiduum. 


Crude oil. 


Tbtal. 


1894. . 

1895. . 

1896. . 
1897 . . 
1898. . 


Barrels. 
87,811,778 
47,718,988 
49,688,252 
54,744,808 
60,597,544 


Barrels. 

8,704,156 

9,898,288 

10,569,670 

11,042,054 

11,569,804 


Barrels. 

782,896 

825,489 

1,084,095 

1,114,180 

1,278,961 


Barrels. 
28,667,482 
22,050,282 
22,616,271 
27,106,857 
29,628,484 


Barrels. 
2,102,690 
1,849,780 
8,117,898 
2,896,888 
5,865,770 


Barrels 

85,256,7 
84,754,2 
87,611,6 
42,808,9 
48,015,2 



Of the production of 1893, amounting to 6,320,000 tons, 1,790,< 
tons were obtained from 38 fountain-springs, the remainder being pum 
from wells. Of this production in 1893, 4,776,440 tons were worked 
with the production of 1,402,728 tons of kerosene, 102,096 tons of lu 
eating oil, 4136 tons of benzine, 7768 tons of asphalt, gasolene, etc., 
2,361,240 tons of residuals. Thus, 3.41 tons of crude petroleum were i 
for the production of one ton of kerosene or burning oil. The residi 
are now very largely used (especially in Russia) lor fuel on railw: 
steamers, and in factories (Joum, Soc. Chem. Ind.^ 1894, p. 1236). 

The petroleum production of Galicia, the third most productive sou 
has been, aocordine to Austrian official statistics quoted in ^^ The Min< 
Industry for 1898, as follows : 

Value in florins 



Metric tons. 

1893 96,881 

1894 111,930 

1895 188,684 

1896 262,356 

1897 275,204 



(—40.5 cents). 

8,008,819 
8,252,554 
4,464,858 
5,188,855 
5,876,692 



The production of crude petroleum for Roumania in recent years is t 
given in " Mineral Resources of the United States for 1898-99," p. 16' 



Barrels 

(42 U. S. gallons). 

1894 607,254 

1895 575,200 

1896 543,348 



Barrels 
(42 U. 8. galloni 

1897 570,886 

1898 767,804 



Barrels 


Value 


(42 gallons). 


(rupees— 90.486) 


818,274 


1,100,709 


871,828 


1,542,591 


480,208 


1,793,855 


546,588 


2,268,772 



The production in British India (chiefly Burmah) for the y< 
1894-97, according to the same authority (p. 162), amounted to : 

Gallons. 

1894 11,139,597 

1895 13,013,990 

1896 15,057,094 

1897 19,128,828 

The production of Germany, the only other country yielding 
lotable quantity, for the years 1894-98, has been, according to the s 
authority (p. 170): 

Metric tons. Value. 

1894 17,232 ^288,887 

1895 17,051 280,989 

1896 20,395 285,248 

^fi^ 23,314 835,147 

25,789 378,770 
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3, Fob Ozokerite and Natural Parafpine. — The production 
of ozokerite in Galicia in recent years is thus given in ^' Mineral Besources 
of the United States for 1898-99/' p. 267 : 

Metric tons. Short tons. 

1893 5624.8 * 6198.5 

1894 ..... 6743.1 7431.0 

1895 > . . 6644.5 7822.0 

1896 7210.0 7946.0 

The production of Utah ozokerite (refined) has been : 

1890 350,000 poundfl (158.9 metric tons), valued at |26,250 

1891 50,000 ** ( 23 " ** ), " ** 3,000 

1892 130,000 " ( 59 " ** ), " *» 7,800 

1893 None since. 

4. Fob Asphalt and Shale Oil Industry. — The production of 
asphalt and bituminous rock in the United States in recent years has been, 
aooording to " Mineral Resources of the United States for 1898-99" : 

Short tons. Value. 

1894 60,570 $353,400 

1895 68,163 348,281 

1896 80,503 577,568 

1897 75,945 664,632 

1898 76,337 675,649 



Of this 76,337 tons about 2000 tons is bituminous limestone, some 
24,000 tons of various grades of liquid or solid asphaltum, and the bal- 
ance is bituminous sandstone. 

The importations of asphaltum of various kinds, according to '' Min- 
end Besources of the United States for 1898-99," have been : 

Long tons. Value. 

1894 102,505 $313,680 

1895 79,557 210,556 

1896 96,192 304,596 

1897 115,528 392,770 

1898 69,857 203,885 

The estimated quantity of bituminous shale distilled in recent years in 
Scotland, according to Boverton Redwood (" Petroleum and its Product*," 
vol. ii. p. 406), was : 



1890 2,180,483 tons. 

1891 2,387,982 " 

1892 2,077,076 " 



1893 1,947,842 tons. 

1894 1,982,409 '' 



The following are the figures for the German mineral-oil trade for 
1892-93. Forty-eight shale-oil works were operated with 1297 ovens 
and 1067 workmen; 20,621,453 hectolitres of coal were distilled, and 
1,195,892 centners of tar and 5,651,566 centners of coke were obtained. 
The tar was valued at 4,345,422 marks and the coke at 1,643,748 marks. 
On working up the tar there were obtained 159,260 centners of hard and 
soft paraffine, 102,306 centners of solar oil, and 623,691 centners of differ- 
ent paraffine oils. The value of the combined products was 11,098,496 
marks. 
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CHAPTER II. 

INDUSTRY OP THE PATS AND FATTY OIU8. 

I. Raw Materials. 

1 . Occurrence of the Materials. — ^The fets and fatty oils are of both 
v^table and animal origin. They occur not only widely spread throngh 
these two kingdoms of nature, but constitute often the larger proportion by 
weight of the material in which they are found. No part of the plant 
seems to be entirely wanting in fat, although that found in the leaves is 
more of a wax-like character than the oil obtained from the seeds and 
fruit ; in the animal, fats are present in all tissues and organs and in all 
fluids with the exception of the normal urine. In plants the percentage of 
fet seems to be in inverse ratio to the percentage of starch and sugar, and 
ranges from sixty-seven per cent, in the Brazil nut to one per cent, in barley. 
While the oil-bearing plants are far too numerous to allow of a complete 
enumeration here, it will be desirable to state firet the occurrence of those 
technically most impoitant, and aftenvaixls to examine those physical and 
chemical differences which lie at the basis of their different uses. Similarly 
the most important animal oils and fats will first be enumerated. 

(a) Vegetable Oils, Fats, and Waxes. — Castcyr oil (oleum ricini, 
ricinus-oel) is extracted by pressure or heat from the seeds of the Bid/MU 
communis, originally from the East. It is a thick oil, of specific gravity 
.9667 at 15° C., colorless or yellowish, transparent, of mild taste, but be- 
coming rancid on long exposure to air, miscible with alcohol and ether, and 
easily saponifiable. The shelled seeds yield from fifty to sixty per cent of 
the oil. 

Cotton-seed oil (oleum gossypii seminum, baumwoUen-samen-oel) is 

obtained by pressure from the hulled seeds of the several species of Oowup- 

iuviy or cotton-plant. The raw oil is brownish-yellow in color, somewhat 

viscid, of specific gravity .922 to .9306 at 15° C, and separates some 

palmitin at from 6° C. to 12° C. The refined oil has a straw-yellow color, 

or is colorless, of pleasant nutty flavor ; specific gravity, .9264 at 15® C. ; 

boils at about 600° F., and congeals at about 50° F. for summer- and 

32° F. for winter-pressed. Even at the ordinary temperature, cotton-seed 

oil deposits ** stearine" on standing. The finer brands of cotton-seed oil 

tended for edible and culinary purposes are freed from this " stearine'* by 

illing or simply by allowing the oil to stand for some time in hmd 

irage tanks. It possesses slight drying properties, and is saponifiable, 

mi is chiefly used in adulterating olive, lara, sperm, and other oils. The 

hulled seeds yield from eighteen to twenty ]x?r cent, of the crude oil. 

Heinp-seed oil (oleum cannabis, hanf-oel) is obtained from the seeds ofj 
the Qinnabia saliva, or common hemp. It has a mild odor but mawkish 
<aste, and greenish-yellow color, turning brown with age. Its specific 

vity at 15° C. is .9276. It is freely soluble in boiling alcohol. Has 
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eaker drying properties than linseed oil, but is used in paint and varnish 
lanufacture and in making soft soaps. The seeds eontam some thirty per 
?nt, of the oil. 

Unseed oU (oleum lini, lein-oel) is pressed from the seeds of the lAnum 
■ifitatissimumy or flax-plant The oil differs in quality according to the 
iiethod of its production. By cold pressure is obtained twenty to twenty- 
»ne per cent, of a pale, tasteless oil, which is used in cooking as a substi- 
ute for lard or butter in Russia and Poland. By warm pressure is obtained 
wenty-seven to twenty-eight per cent, of an amber- (colored or dark-yellow 
)51. It is, when fresh, somewhat viscid, but as a drying oil it gradually 
ihsorbs oxygen and becomes thick and eventually dry and hard. The 
)|)ecific gravity of the fresh oil is .935 at 15° C. It is used almost exclu- 
avdv in the preparation of paints, varnishes, printer^s ink, and '* oil-cloth." 
[See p. 101.) 

Poppy-seed oil (oleum papaveris, mohn-oel) is obtained from the seeds 
of the opium poj)py by pressure, is of pale-yellow color, and slightly 
sweetish taste. Sjxjcific gravity, .925 at 15° C. The cold-drawn oil, the 
oil of the first pressing, is almost colorless, or very pale golden yellow ; 
this is the " white poppy-seed oil" of commerce. The second quality, ex- 
pressed at a higher temperature, is much inferior, and constitutes the *'red* 
poppy-seed oil" of commerce. It is used for salads, paints, soaps, and to 
adolterate olive and almond oils. The seeds yield from forty-seven to fifty 
per cent of oil. 

Walnut oil (huile de noix, wallnuss-oel) is obtained from the seeds of 
the common walnut-tree, Juglans regia. The fruit to be pressed should be 
fully ripe and kept for several months before being pressed, as the fresh 
seeiL yield a turbid oil. The cold-dmwn oil is very fluid, almost colorless, 
or of a pale yellow-greenish tint, and has a pleasant smell and agreeable 
Dutty taste ; the hot-pressed oil, on the other band, has a greenish tint and 
an acrid taste and smell. Walnut oil is a very good drying oil, and at 
least equal if not superior in that respect to linseed oil. It is chiefly used 
by artists for paints, as it dries t<) a varnish film less liable to crack than 
the film of linseed-oil varnish. Moreover, the better brands of walnut oil 
being almost colorless, it is preferred to any other oil for white paints. 

Sunflower oil (huile de soleil, sonnenblumen-oel) is obtained from the 
leeds of the sunflower (Heliavihus annuus), and is a limpid pale-yellow oil 
>f mild taste and pleasant smell. Specific gravity, .925 at 15^ C. It 
belongs to the class of drying oils, but dries more slowly than linseed oil. 
rhe oold-drawn oil is also used in Russia for culinary purposes, while that 
expressed at a higher temperature is employed in soap-making and for the 
nanufacture of varnishes. 

AJbnond oil (oleum amygdalse, mandel-oel) is the fixed oil obtained from 
both the sweet and the bitter almond The former contains the more oil, 
5at the latter is cheaper, and the I'esidual cake can be utilized for the prep- 
iration of the essential oil of bitter almonds. The oil is odorless, agree- 
ible to the taste, and of yellow color. Specific gravity, .919 at 15° C. It 
is used in pharmacy and medicine and in soap-making. 

Com oil (maize oil, mais-oel) is obtained from the seeds of the maize or 
[ndian com, either by expressing the seed before it is employed for the 
nanufacture of starch, or, where the corn has been fermented for the pro- 
Inction of alcohol, by recovering it from the residue of the fermentation 
trats. Prepared by the former process, it is of a pale-yellow or golden- 

4 
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yellow color, whereas the oil obtaioed by the latter pnx^ss is reddish brown. 
Specific gravity, .921 to .924 at 15° C The oil has alight drying propeN 
ties ouly. It is used a.s a biiniing and lubricating oil and for soap-making, 
It is also employed in plac« of cotlon-seed oil for the udulteratiou oi' lard. 

SesamS oil (gingili oil, teel oil, sceam-oel) is obtaiaod from the seeds of 
the Segamvm anmlale and Sfeamum indieum. The oil poBsesses a yellom 
color, is free from odor, and has a pleasant taste. The cold-drawn oil is 
therefore considerpd ecjual to olive oil for table use. It has very slight dry- 
ing pniixirties. Si>ecilic gravity, .923 at 15*^ C. In addition to its useasaa 
«dible oil, the inferior grades are used in goaji-inBkiiig and as burning oil. 

Ben oil (oleum balatinuin, behen-oel) is obtained by expression from tlie 
seeds of the several species oi Moringia, Colorless, odorlet« oil, not readily 
turning rancid. It is used by perfumers for extracting odors and ibr lubri- 
cating clocks and light machinery. 

Cacao butter (oleum theobromatis) is obtained from seeds or nibs of 
Tkeobroma cacao. Pure white fat, with pleasant odor and taste. Fuses at 
86" F. (30" C). Specific gravity, .9-15 to .952. It is used for eosmetica 
and for pharmaceutical preimrations. 

Ooeoa-nvi oil (oleum cocois, cocos-oel) is obtained from the dried pulp 
(copra) of the cocoa-nut by expression. .\n oil of the conaistencv of butter, 
fusing at 73° to 80° F. (22.7° to 26.6° C). \\\wa fresh, is wtite in color 
and of sweet taste and agreeable odor, but easily becomes rancid. It is 
easily saponified, even in the cold. It is used in the manufacture of candles 
and padded soaps. (See p. 64.) 

Cbha and rape oitu (oleum brassicie, oleum rajMe) are practically identical. 
They are extracted from the several varieties of Brasslea campeatri». The 
seeds are called cole-seed or rape-seed. The term " colza oil is generally 
applied to refined rape oil. The crude oils are used as lubricating oils, and 
are of dark, yellow-brown color. Kefined and freed from albumen and 
mucilage, they become bright-yellow. The specific gravity of the refined 
oil is ,9132 at 15° C. Rape oil is used for lamps, for lubricating machinery, 
and for adulterating both almond and olive oils. 

Olive oif (oleum oil varum, oliven-oel) is expressed from the fruit of Ofco 
Europaa. It differs greatly in quality according to the method by which it a 
obtained. The purest is nearly inodorous, pale-yellow, with pure oily tasta 
Specific gravity, .918 at 15° C. Does not decompose or become rancid 
easily, and congeals at 32° F. to a granular solid mass. The percentage 
of oil amounts to thirty-two per cent., of wliich twenty-one per cent, is 
furnished by the |»ericarp, and the ivmainder, which is inferior, by the seed 
and woody matter of the fruit. It is used extensively as an article cf food 
condiment, in pharmacy, as an illuminant and lubricant, and in aoap- 
" lag. The lowest grade, "toumant oil," has a high per cent, of free 
/ adds and readily emulsifies with sodium carbonate solution. 

Araehis oil (peanut oil, crdniiss-oel). This oil is obtained from earth- 

ita, the seeds of Araehis hi/pofftea. Tlie cold-drawn oil of the first ei- 

wlon is nearly colorless, and has a pU-asaut taste resembling the flavor 

kidney beans. Specific gravity, .917 at 15° C. The best qualities of 

le oil are used for table oil and the inferior grades for soap* making. 

Palm oil (oleum ]mlmie, palm-oel) is obtained from the fruit of several 
ipecies of palm. The fi-esb palm oil has an orange-yellow tint, a sweetish 
"''te, and an ixlor resembling violets. Its S|>ecific gravity is about .968. 

consistency is that of butter or lard. It ordinarily becomes rancid 
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►idly, and hence usually contains free acid. It is used in candle- and soap- 
king, and also to color and scent ointments^ pomades, soap, powders, etc. 

CamavJba wax is obtained from the leaves of the camauba palm, 
^emida cerifera of Brazil. Its specific gravity is .999 and its melting 
nt 185® F. (84° C). It is brittle and of yellowish color. It is exten- 
?ly used in the manufacture of candles. 

Japan wax is obtained by boiling the berries of several trees of the genus 
i«, from incisions in the stems of which flows the famous Japan lacquer 
nish. It is properly a fat, as it consists almost entirely of glyceryl palm- 
:e. Its sjpecific gravity is .999 and melting point 120° F. (49° C). 
len freshly broken, the fractured surface is almost white or slightly 
lowish-green and the odor tallow-like. It is used for mixing with 
swax in the manufacture of candles and in the manufacture of wax- 
t<*hes. 

Myrtle wax, a solid fat obtained by pressure from the berries of myriea 
if era. Specific gravity 1.005 at 15° C. ; fusing point 45° to 46° C, 
is used as a substitute for beeswax and particularly in candle-making. 

(6) Animal Oils, Fats, and Waxes. — Neafs-foot oil. Prepared from 
I feet of oxen collected from the slaughter-houses. It is a clear, yellowish 

of specific gravity .916 at 15° C. It does not congeal until below 
^ F., and is not liable to become rancid. Of great value as a lubricant, 
1 used for softening leather and grinding of metals. 

Butter fat is the oily portion of the milk of mammalia, but in practice 
» term is restricted to that obtained from cows' milk. The pure fat con- 
tutes from eighty-five to ninety-four per cent, of the finished butter. The 
re fat has a specific gravity of .910 to .914, and its melting point varies 
►m 85° to 92° F. For ftiUer account of manufactured butter, see under 
Ik (p. 254). 

Lard and lard oil (adeps, schweine-schmalz) is the fat of the pig melted 

gentle heat and strained. The crude lard is white, granular, and of the 
isistency of a salve, of faint odor and sweet, fatty taste. Its specific gravity 
.938 to .940 at 15° C. Exposed to the air it becomes yellowish and 
acid. When pressed at 32° F., it yields sixty-two parts of colorless lard 

and thirty-eight parts of compact lard. The lard is used in cooking, the 
■d oil for greasing wool, as a lubricant and an illuminant. 

Tallow and tallow oil (sevum, talg). Tallow is the name given to the fat 
tracted from " suet," the solid fat of oxen, sheep, and other ruminants, 
le quality of the tallow varies according to the food of the cattle and other 
x^umstances, dry fodder inducing the formation of a hard tallow. Its 
elting point varies from 115° to 121° F. The best qualities are whitish, 
It it has in general a yellowish tint. Beef tallow contains about sixty-six 
T cent of solid fat and thirty-four per cent, of olein or tallow oil ; mutton 
How contains about seventy per cent, of solid fat and thirty per cent, of 
How oil. The oil is used chiefly in the manufacture of soaps and the 
irder tallow for candle-makine. 

Bone fat is a whitish-yellow fat obtained by boiling bones, and is used 

ijoap-making. 

Cod-liver oU (oleum jecoris ceselli, leberthran) is an oil mnging in color 
cording to the method of its preparation from pale-straw to dark-brown, 
id of specific gravity .923 to .924 or even .930 at 15° C. The finer 
lalities are used for medicinal purpos(*s, the darker for tanners' and 
rriers' use. 
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Menhaden oil is obtained from the Aloaa menhaden^ a kind of herring. 
Is used for soap-making and tanning, and, when pure, as a substitute for 
cod-liver oil. 

Shark oil is prepared from the livers of various species of shark. It is 
the lightest of the fixed oils, the specific gravitj' ranging from .865 to 
.876. It is used in the adulteration of cod-liver oil and for tanning. 

Whale oil (train oil) is extracted from the blubber of the common or 
Greenland whale. Is yellow or bro\mish in color and of disagreeaole odor. 
Specific gravity .920 to .931. It is used for iUumination and for soap- 
making. 

Sperm oil is procured from the deposits in the head of the sperm whale. 
In tlie living animal, the solid spermaceti is held in solution in the liquid 
sperm oil ; when the liquid becomes cold the spermaceti separates out. The 
oil is very limpid, relatively free from odor, and burns well in lamps. 
Specific gravity, .875. It is used as a lubricant on account of its low cold 
test and its viscosity, and as an illuminant. 

Spermaceti (cetaceum, walrath) is the solid wax separated out from the 
accompanying oil. It is yellowish at first, but when purified is white, 
brittle, and scaly. Its specific gravity is .943 at 15° C. ; melting point, 
43*^ to 49° C. It is only slightly soluble in alcohol, benzene, and petroleum- 
ether, but easily soluble in ether, chloroform, and carbon disulphide. It is 
used in the manufacture of candles and in pharmaceutical preparations. 

Wool grease (woll-fett, lanolin, or adeps lanse). Sheep's wool contains 
a large amount of fatty matter of a peculiar character. It contains free 
fatty acids, esters of cholesterol and isocholesterol, and the free alcohols 
just named. When purified from fatty acids it yields lanolin, which has 
the property of taking up large quantities of water in an emulsion, and is 
used extensively in medicine. The esters are true waxes and not glycer- 
ides. 

Beeswax (cera flava, bienenwachs) is the sulistance of which the cells of 
the honey-bee are constructed. The crude melted wax is a tough, compact 
mass of yellow or brownish color, granular structure, faint taste, and honey- 
like odor. When bleached it becomes white. Specific gravity .959 to 
.969 ; melting point 62° to 64° C. It is used in making candles, ointments, 
and pomades. 

Chinese wax (insect wax) is deposited by an insect, Coccus cerifera, upon 
the Chinese ash-tree. It is a white, ver^^ crystalline, and brittle wax, resem- 
bling spermaceti in api)earance. Specific gravity .973 at 15° C. ; fuses at 
82° to 83° C. It is slightly soluble in aleoholand ether, very soluble in 
benzene. It is used in candle-making. 

2. Physical and Chemical Characters of the Different On;8 
AND Fats. — (a) Physical Propeiiies. — Most of the vegetable fats are liquid 
at ordinar\' tcm[>eratures, because of the relatively high percentage of olein 
they contain. Cocoa-nut oil, palm oil, cacao butter, and a few others have 
a buttery consistence on account of the palmitin present. The fats of 
animals feeding on straw and hay are solid, Ixn-ause of the stearin present ; 
the fats of carnivorous animals arc^ all softer ; the fat of fishes is liquid at 
ordinary temperatures, and somewhat differently constituted chemically. 
The solid waxes, hoih vegetable and animal, are in general differently 
constituted from the softer lats. 

The fats and oils are almost insoluble in water (if the water contains 
'umen, gum, or alkaline carbonates in solution they readily form an 
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milsion with it on shaking) ; alcohol only dissolves them sparingly ; ether, 
irbon disulphide^ chloroform, benzene, turpentine oil, fiisel oil, and acetone 
issolve them readily. 

On exposure to the air, the fats, and particularly the fatty oils, absorb 
cygen. The heat developed by this oxidation at times suffices to inflame 
ool and cotton tissues soaked with the oil. The oils which absorb oxygen in 
lis way become thick, and finally dry to translucent resinous masses. Such 
lis are called " drying oils," and are used in painting and varnish-making. 
See p. 101.) The sj)ecific gravity of all the fats and oils is less than unity, 
Ithough the vegetable waxes are only very slightly less. 

The boiling-points of the oils and fats cannot in general be taken as 
ifetinctive, as many of them begin to decompose when distilled under ordi- 
lary pressure. Their fusing and congealing points are more important; 
larticularly in the case of oils used as lubricants does the latter denote the 
lifferent value of the oil for use at low temperatures. 

(6) Chemical Composition of the OilSy FcitSy and Waxes. — The fatty oils, 
IS distinguished from the mineral oils (see p. 13) and the volatile oils (see 
p. 94), belong to the class of compound ethers. They are salt-like bodies, 
composed of characteristic acids (oleic, palmitic, and stearic), known as fatty 
acids, in combination with an alcohol or base. In most cases the base is 
the triatomic alcohol glycerine, so that the oils are said to be glycerides of 
the several fatty acids. Some few, known as waxes, do not contain glycerine, 
but a monatomic alcohol in combination with the fatty acid. Most of the 
animal and v^etable fats contain the three proximate constituents, olein, 
palmitin, and stearin, the combinations of oleic, palmitic, and stearic acids 
respectively with glycerine. In the more liquid oils the olein predominates, 
in the more solid palmitin or stearin. The so-called " drying oils" contain 
a different acid — linoleic acid — in combination with glycerine. The fish 
oils contain a variety of the lower fatty acids and some solid unsaponifiable 
alcohols like cholesterin. The most satisfactory classification of the oils 
and &t8 is that of A. H. Allen,* which is here given in abstract. 

I. (Hive Oil Oroup. — Vegetable oleins. Vegetable non-drying oils. Lighter than GroupB 
II., III., and IV. Yield solid elaidins with nitrous acid. Includes olive, almond, eartn> 
nut, ben, rape-seed, and mustard oils. 

II. Cotton^seed Oil Group. — Intermediate between drying and non-drying oils. Un- 
lergo more or less drying on exposure. Yield little or no elaidin. Includes cotton-seed, 
esam^, sunflower, hazel-nut, and beech-nut oil. 

III. Linseed Oil Qrcup. — Vegetable drying oils. Yield no elaidin. Of less viscosity 
ban the non-drying oils. Includes linseed, hemp-seed, poppy-seed, niger-seed, and walnut 
iU. 

IV. Castor Oil Group, — Medicinal oils. Very viscous and of high density. Includes 
istor and croton oils. 

V. Palm Oil Group — Solid vegetable fats. Do not contain notable quantities of 
lycerides of lower fatty acids. Includes palm oil, cacao butter, nutmeg butter, and shea 
utter. 

VI. Coeoa'nut Oil Group, — Solid vegetable fats, in part wax-like. Several contain 
otable proportions of the glycerides of lower fatty acids. Includes cocoa-nut oil, palm- 
Qt oil, laurel oil, Japan wax, and myrtle wax. 

VII. Lard OH Group. — Animal oleins. Do not drv notably on exposure, and give 
>lid elaidins with nitrous acid. Includes neat's-foot oil, bone oil, lara oil, and tallow 
iL 

VIII. Tallow Group. — Solid animal fats. Predominantly glj'cerides of palmitic and 
jearic acid, although butter contains lower glycerides. Includes tallow, lard, bone fat, 
ool fkt, butter &t, oleomargarine, and manufactured stearin. 

* Commercial Organic Analysis, 2d ed., vol. ii. p. 63. 
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IX. Wh.:u- Oil 

reddisb-briM Ti ■ ■ mi i i • .ir.'i 
haden, ood-ln' 

X. &><■" ■' ' I ., 

dlcoholl. Vl' .■:■ - I. ■ i I 

XI. Sj.-::.:..,(. i.,..,.,..^\\ 

alcobolfi, wllh hiii^tivr t'utl} m:'vir, 
juid carosuha wax. 



Mari 



i.<l WBXC9. Are not glyixrides but cthoTS of tnoti 

liiL'ludes sperm oil, WtlK-ni"* oil, and dulphin oil 
.its proper. Are compound ethers of higher mon 
n free eUte. Includes spermaceti, beeswax, Chioei 



3. ExTHACTIOJf OF THE RaW MaTERIAI^ AND PURIFICATION Ol 

Same. — The method of estraction of the oils and fets is, of course, 
mined to a considerable degree Ity their physics! condition. Solid fat 
tallow and lard, are obtained free from the enclosing membranes by m 
the finely-chojjped material and drawing off the tiit in the melte*! 




1 oils are extracted miinH b> boilmg out with water; oil fmii 
re ground hne, and then tht od obtamed by eubmitting the m 
?, either cold or with tlie aid of heat, or tlie oil is extracted by so 
like carbcm disulphide and petroleum ether. 

In the extraction of fats by the process of melting, three for 
procedure are followed: (1), the so-tallcd "cracklings" process, a n: 
over direct fire, known, too, as the " dry melting ;" (2), the melting over 
fire with the addition of dilute sulphuric acid, known as the " moiat 
ing ;" and (3), the melting by the aid of sbami. In the first pro 
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little water is added and the tallow or other chopped fat is heated in open 

vessels. The mixture of fat globules and water at first gives it a milky 

ap|)earanoe, but, as soon as the water is driven off, the cell membranes 

shrivel more and more together, forming the cracklings, and the fat 

appears as a clear, fused liquid. A constant stirring is required in order 

to prevent the fragments of membrane from sticking to the sides or 

bottom of the vessel and burning. The melted fat is drained from the 

cracklings by passing through metallic sieves, and cracklings afterwards 

pressed in suitable presses to recover the adhering fat, which forms a second 

quality tallow. A raw tallow yields on the average eighty to eighty-two 

EBr cent, of drained oil and ten to fifteen per cent of cracklings ; a very pure 
idney fat will yield, however, ninety per cent, and over of drained fat. 

In the second process, now generally followed, to one hundred kilos, of 
tallow, twenty kilos, of water mixed with one-half to one and one-half kilos. 
of concentrated sulphuric acid is added. The sulphuric acid attacks and 
destroys the cell-membranes rapidly when heated, and so allows of the liber- 
ation of the fat In this process, as in the last, provision must be made for 
preventing the escape into the air of the unhealthy and offensive odors coming 
from the melting of the impure tallow. The escaping vapors are in part 
condensed and part burned under the kettles. In the third process, that of 
melting by steam, the steam may be directly introduced into the fat mass or 
indirectly used by the aid of coils of pipes. 

The tallow rendering by steam is illustrated in the apparatus of Wilson, 
shown in Fig. 18. The steam enters through the perforated pipe O, 
under the perforated false bottom. The plate F having been shut down 
tight upon the opening J?, the vessel is t^vo-thirds filled with the tallow and 
steam applied. The pressure is allowed to rise to three and a half atmos- 
pheres (fifty-two and a half pounds per square inch) and kept at this for 
some ten hours. The condensed water collects under the false bottom and 
can be drawn off when necessary. The melted tallow is then run off from 
the stopcocks, PP^ and the cracklings finally discharged through the 
opening E. 

Some add may be added to the fat or in the Evrard process, instead 
oi acid, caustic soda, which has the advantage of combining with the 
noxious volatile acids evolved. 

The extraction of lard takes place by similar methods to those employed 
for tallow, but at lower temperatures and more readily. 

For the extraction of animal oils, like fish oils, the method of boiling out 
with water is generally employed, elevation of temperature and prolonged 
heating being avoided as much as possible in the case of the finer medicinal 
oils. 

For oil-bearing fruits and seeds, the methods of obtaining oil, as already 
mentioned, are expression, either cold or by the aid of heat, and that of 
extraction by solvents. 

For the expression of oils, the carefiilly cleansed seeds are first crushed to 
break the shells or kernels and then ground to fine meal. The crushing is 
done very generally in oil-seed mills of the construction shown in Fig. 19, 
where the two stones or metal wheels are made to revolve on a stone founda- 
tion on which the oil seeds are placed, and from which any excess of oil may 
flow. A much more perfect crushing is possible in this mill tlian in those 
in which stamps are used They are then slightly heated for the double 
purpose of coagulating any plant albumen and making the oil more liquid. 
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The use of hydrogeo peroxide solution has refeiitly been tried for the 
bleaching of oils, with the best of results. Four or five per cent, of a ten 
per cent, solution will generally suffit>e if repeatedly shaken up with the oil 
to be treated. 

Ozonc-earriers, like ferrous Auliihate solution, will also bleach in tlie 
presoncf oi' sunlight. This method is often iipplit-d with liniieed oil. 



These several processes have been in time modified and amalgamated 
■'] now only three or four processes are practically followed on a Iarg« 

ifl) The «aponifieation by alkalies used excliiaively in soap-making and 
Iding a soda or |x>tasb salt of the fatty acid. (See Soaps, p. 62.) 
(2) A combination of the lime and hot-water processes, known as Milly's 
PC process," in which two to four i>er cent, of lime is made to do 
e work of saponiiication, for which 8.7 per cent is theoretically neede<l, 
1 for which fourteen to seventeen |wr cent was at first used. The 
nification is carried out in the presence of water in strong, closed, 
vessels, at a temperature of 172° C. One form of such vessel for 



n. Processes of Treatment. 

1, Saposificatios of Fats. — The composition of the proximate 
principle, olein, palmltin, and stearin, which make up the bulk of the I 

I proi)er, was first established by the researclies of Chev'reul in 1823. 
Their decomposition cau be effected in a number of ways, by the action of 
bases like the alkalies and some metallic oxides, by the action of sulphuric 
acid liberating the fatty acids, and by the action of water alone, when aided 
by heat and pressure. 

Chevreul at first used alkalies, patenting that process in 1825, in con- 
junction with Gay-Lussac, but this procedure was given up already in 
1831, when Ad, de Milly replaced the alkalies by lime. Tuis was used 
exclusively for a number of years, but was followed in 1854 by the inde- 
pendent discovery of Tilghman and Berthelot of the method of decom- 
posing by the use of hot water superheated by high pressure. MeLsens 
also proposed the same process substantially a little later. In consequence 
of the danger connected with the high temperature and pressure, this pro- 
cess is not carried out any longer in its original shape, but is now replaced 
by the "autoclave" process, mentioned later. In 1841 Dubrunlant found 
that ii' neutral fets were treated first with sulphuric acid, and then boiled 
with water, the fatty acids might be distilled in an atmosphere of super- 
heated steam without decomposition. This constituted the distillation pro- 
cess. It was extensively used in England. Wilson and Gwynne found it 
possible, with proper application of the superheated steam and regulation 
of the temperature {290° to 315° C), to dispense with the sulphuric acid, 
and to decompose the fats and then distil tliem without any decomposition. 
This process is now used on a lai^ scale by the Price C'andle Company in 
England. Still later. Bock, of Copenhagen, foimd that if the membranous 
cellular tissue tliat enclosed the lat be decomposed by a preliminary- treat- 
ment with sulphuric acid and the charred tissue, which by oxidation 
becomes heavier than the fat and sinks through it, be remo^■ed, the pure 
fat coidd be decomposed by boiling \vith water in open tanks. The sepa- 
rated fatty acids are so pure in color tliat washing suffices, and no distilla- 
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djc ffljMuifiiatiuii li_\ liiiiL' under presaiire, that of Lfein Droiix, is shown in 
Fig. 21. At present tlif I'orm of the vessel in n»e is more generally 
that of u sphere, which stands the 
eight to ten utinosphereti internal 
pressure better. The lime soap, 
technically eallwl " roek," after its 
se]iaratioii is deeonii>o9ed by sul- 
phuric acid, four parts of acid to 
each three parts of lime used Ix'ing 
taken. After the complete sub- 
sideneeof tlie I'slnum sulphate the 
free fat acids are thorougldy washed 
with water and steam. 

(3) The mtiphnric add stipon- 
ificaliim, followed by distillation. 
Tliis process is almost exclusively 
followed in England. The amount 
of sulphuric acid used has grad- 
ually been diminished, as tt is 
found that a relatively smaller per- 
centage will suffice. For offal fata 
some twelve per cent, is now used, 
for tallow nine per cent., and for 
jialm oil six per cent. The decom- 

Cition generally requires some 
irs at a temperature varying 
from 120° to 170" C. MUly mod- 
ified this process by using a smaller 
auantity of sulphuric aii^id (two to 
iree aud a half per cent.), which 
he allows to act at a temperature 
of 150° C. for two to three min- 
utes only, and then boils with 
water. In this way tlie larger 
portion of ttie fat acids are white 
enough to be used for candle- 
making without previous distil- 
lation, while some twenty per cent, 
only of tliem needs to he distilled. 
The form of apparatus for the distillation of the free fatty acids produced 
in the sulphuric a<-id saponification is shown in Fig. 22. T is the super- 
heater, from which steam at 300° C. is passed into the retort Z>, wliidi is 
previously filled to three-fourths of its capacity with melted tallow through 
the supply-pipes V V. The fatty acids distil out of the tube U, are con- 
jised ^ the worm .S, and collected by the retviver K. 
(4) The gttperheaUd-eteam process of WUson and Gw>'nne, before al- 
Indeii to. This is at present carried out in both England and Germany. 
The apparatus di^viseli by Mr. G. F. Wils^m, of tlie Price Candle Com- 
pany, of London, is shown in Fig. 23, The fat, previously hcitted in the 
flat vesael, A, by the waste-heat from the superheater below, Huws into the 
retort C. This retort must be kept at from 290° to 31 5° C, aud to this 
end is covered entirely above ; the superheated steam at 315* C. comes 
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info tlie retort by the tube to the side, and some twenty-four to tliirty-six 
hours U necessary to decompose and distil off a charge of fat. If the 
temperature falls below 310° C, the decomposition is extremely slow, while 
mti(m above 315° C, acrolein forms from the decomposition of the glyc- 
erine. Before proceeding with tlie special processes of aoap-maliing, stearine- 



I 




candle manufacture, oleomargarine and glycerine production, it will be well 
to present in schematic way the complete treatment of a fat such as tallu'V^- 
The accompanying scheme is taken from Poet's " Chemische Technologies 
and aho«-s the processes applicable and the products resulting from the teel3- 
nical iitiliratiou of tallow. 




appli 
Liiui of fills, that of the itA> of alkalies, we have, of course, 
JL* piMsah or a snmia salt of il»e feny acid fonued, which, singly or 
■*^-- -"^p prudiK-is known as siap^ A very gi«at ^^arietk' of 
itmnv and ptv>]ieni«s of wfaicfa \-ar^- accoiding 
\\> may ctaisi^- the seveial methods of 
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ling the fate in ojwn vessels (rappers) with indefinite quantities of 
s until products of definite charai'ter are cotton. Tnese are fa), 
in ivliicli tlie glycerine is retained, potasTi being the haae ; (t), 
1 " hydrat<>d soaps," witli soda for a base, in which the glycerine 

and of which " marine" soap may be taken as the tj-pe ; (< ' 

with soda for a base, in whicli the glycerine is eliminated, cor 
e kinds, — curd, mottled, and yellow soaps, 
ing ujwn the fats with the precise quantity of alkali necessary for 
)n without the separation of any waste liquor, the glycerine being 
the soap. This includes (a) soaps niacle by the " cold process," 
J made under pressure. 

3ct union of tlie fatty acids, aa in " red oil" and caustic alkali, or 
bonate, 

leral outlines of these methods may be iudicateil : 
manufacture of styft soaps the drying oils are preferably used. 
1 whale, seal, and linseed oil are chiefly used, in Continental 
up-seed, linseed, rape-seed, poppy, and train oils, and in the 
es cotton-seed oil and oleic acid. A potash lye containing Eonie 
i used, and fmjuently a portion of the potash is replaced by 

soft soaps, after being boiled to the necessary degree, are not 
lut the glycerine and any excess of alkali remains in the soap. 

wool-scouring this excess of alkali is, however, unsuited, so 
I soft soaps are specially sought to be obtained. The mediod 

" hydrated" or " tilled" soaps is veir similar to that of 
:ty matter and soda lye are run into the copper, and the whole 
igether, tare being taken to avoid an excess of alkali at first ; 
nfication has taken place, lye is cautiously added until the soap 
fiiiutly of alkali, when the soap is ready to be transferred to the 
lout any salting or separating of the mixture. Marine S4»ip, for 
i-watcr, is made in this way, and is entirely oocoa-niit oil soap, 
lown Eschweger sijap is also made by this general methixl from 
Df cocoa-nut oil and other iiits, sa]X)nified eitlier separately or 
d containing the glycerine and water in the soap ma:^. 
nufacture of tnie hard soaps, which still constitute tlie great bulk 
ide in England and the United States, requires more time and 
iC varieties just mentioned. Melted fat and a quantity of soda 
t 11° B., equal to one-fourth that needed lor complete saponill- 
iimultaneously nin into the copper and -steam turneil on. The 
er," as shown in Fig. 24, is an iron kettle, or series of kettles, set 

and »iurpix!d with pipes for both open and closed steam, aiid 
th an outlet lor the discharge of the waste lyes when required, 
X used in series, or extra large single ones us4?d. Strong lye 
be used at this first stage, or saponification will not take plat*, 
lixture becomes homogeneous, lye of 20° to 25° B., in amount 
t taken before, may be cautiously added. It is now boiled until 
en out has a firm consistence between the fingers. Common a\\l 
f 24° B. is now run in. A sniall sample removed on a spatula 
Duld now allow clear liquor to run from it. The boiling is then 
1 the copper should be allowed to stand at least two to three 
; contents now divide themselves into two portions, the upper 
■f soap-paste, containing water, and the lower oonaisting; <tf 
' holding in solution common salt and all the impurities <jf (j^ 
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up in considerable amount^ giving a smooth yet firm surface to the soap 
instead of the hard^ granular surface of the curd soap. 

The so-called " cold process" requires the use of exact weights of well 
refined fats and of caustic soda of a given specific gravity, the quantitie 
being such that only just enough soda is present to completely saponify th» 
fat The materials are allowed to stand together for a short time and thei 
thoroughly mixed in a copper provided with steam, agitating ])addles, an< 
kept at a temperature of not over 120° F. The reaction proceeds rapidly 
and after some fifteen minutes the materials have so far united that tliej 
will not separate on standing, although the complete saponification of th* 
materials may require days. They are then run out into the cooling-frames 
It is obvious that soaps made in this way retain all the glycerine originall; 
combined with the fatty acids disseminated through the particles of soap 
and belong to the class known as " filled" or " padded" soaps, mentionec 
before. (See p. 62.) 

When cocoa-nut oil alone is used, the temperature of working in this col< 
process need not be higher than 75° F. for summer and 90° F. in winter 
if one-half tallow, 104° to 108° F. ; and if two-thirds tallow, 113° t< 
120° F. is necessary. 

Mixtures of cocoa-nut oil and other fats are frequently saponified in thi 
way, the free acid of the cocoa-nut oil readily starting the process of saponi 
fication. A well-refined tallow can, however, be saponifi^ in this way too 
and mixtures of tallow and rosin worked up also into yellow filled soaps. 

This combination of cocoa-nut oil with tallow and rosin can also tab 
up in its saponification large quantities of water-glass and similar " filling' 
material, so that a very large yield of a smooth filled soap is obtained 
Thus a mixture of one hundred kilos, of cocoa-nut oil, seventy-five to eight} 
kilos, of rosin, three hundred kilos, of water-glass, one hundred to one hun 
dred and fifty kilos, of tallow, and two hundred and forty kilos, soda lye oi 
33° B., will make eight hundred kilos, of a finished soap. 

Saponification under pressure has also l>een frequently tried, the objec 
being to shorten the time required for open boiling. In this case the quan 
tity of alkali used must be accurately adjusted to the fat to be saponified 
the glycerine is retained in the ultimate product. The process is carried ou 
in an autoclave or pressure-boiler, the temj)eratui'e is allowed to rise t( 
about 310° F. (154.4° C), equivalent to a stc^am-pressure of sixty-thre 
pounds to the square inch, and kept at this for an hour, when the content 
are discharged into a cooling-frame. 

There remains to \)e noted the process of soap-making, in which w< 
start not with a fat, but with the free fatty acid, as in the " red oil" or crudt 
oleic acid obtained in stearine candle manufacture. (See p. 67.) These oleiu< 
soaps, as they are called, are made preferably from the oleic acid resulting 
from the saponification of tallow or palm oil by the lime process. Tha 
obtained in the distillation proc*ess is not so well adapted for use here. Th 
oleic acid may Ix? saponified either with carbonate or with caustic alkali. Th« 
former process has the disadvantage that the escaping carbonic-acid gas cause 
a strong frothing which easily leads to boiling over. One hundred kilos, oi 
the oleic acid obtained in the lime-sajx>nification yield one hundred and fift; 
to one hundred and sixty kilos, of soap. The acid obtained by distillatioi 
always yields somewhat less. Frequently the oleic acid before saponifyiuj 
is changed by nitrous acid into the isomeric elaidic acid, which is as hanl a 
^ow, and from which a very fine soap can then be made resembling tallo\ 



PROCESSES OF TREATMENT. 65 

soap, and capable of being worked at iv-ill into a curd aoap or a cut soap. 
If to Ije made with carbonate of soda, the copper is filled to one-tliird !ta 
aparatv with the oleic acid and the calculated amount of half-crystallized 
ud half-calcined soda added, little by little, while the heating and thorough 
igitation of tlie liquid is kept up. When the soap becomes tliick and all foam- 
ing has ceased, the soap is tilled at once into the forms to cool. The portion 
of CTj-Btallized soda used supplies all the water needed lor the sapoiiiticatioD. 
In saponification witli laustic alkali, a strong lye (26° B.) is taken. 
No emulsion forms, but a lumpy, mortar-like mass, which, however, as tlic 
alkali is more iiilly taken up and tlie lye becomes weaker, gradually goes 
over into ordinary soap-paste. The soap is separated by the addition of a 
Etnng lye instead of salting it. 

After the finishing of the soap in the copper, it may either be put direct 
into die cooling frame, or it may be translerrcd to mixing tanks, where 
nrioQs solutions or substances are incurpoiatcd with it prior to its being 
iDovfd to solidify. 

Soap-frames are of two kinds, according as it is desired to cool the soap 
slowly or quickly. 
Fw. 25. When slow cooling is 

required, as is always 
the case with mottled 
poap, wooden fi-ames, 
usually of pine, are 
I'diployed. These are 
built up in horizon- 
tal sections, nine to 
twelve inches deep, 
each section lined with 
thin slieet - iron, as 
siown in Fig. 25, Most curd and all vcllow soaps are cooled rapidly in 
(sst-iron frames of auy desired shape and size. Such an iron soap-frame is 
illuatraled in Fig. 26. The sides 
Mrf ends of the frame are easily 
I mnoved after the tliorough so- 
I lidlGcation of the soap, and tlie 
I block is then lefl upon the truck, 
I which served as the bottom of the 
I fiamcL It is now ready for the 
ratting into slabs and bars. This 
is DOW almost univei-salfy done 
by machinery, and the truck eon- 
tainii^ the hardened block is run 
at once into the large frame con- 
taining the cutting wires. Such 
a frame:, although of smaller size, 
and iiaed for efabs of soaps only, 
is shon'n in Fig. 27. The best 
piano-forte wire i.« necessary for 
these cutting frames, as the tension ia very great when the soap is presse*! 
throi^h the wires. 

While the soaps thus far spoken of are adapted for general or laiindry 
pofposes, there is a distinct class of soaps known as toilet aoapn. As these 
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are to be applied to the skin they must answer other requirements, the 
moat important of which b that they sliall not contain any free alkali. 
Some dermatologists even demand that there shall always be some un- 
saponified fat. We may distiugnt.--li trans^mrcnt soa[}S, remelted soa^is, and 
milled soaps. 

Transparent Boaj>s may be made either by the spirit process, in whieh 
e.ase the stnek eoap is dissolved in alcohol, the solvent almost all distilletl 
off", and the mixture then run iub» frames to gelatiniKe and solidify by 
gradual evaporation of the remaining alcohol, or the cold glycerine process, 
in this case the warm fatty materials employed (of which castor oil is 
generally a large ingredient on account of the readiness with which it 
saponifies) are intimately mixed with eoda ley ; soluble coloring matters 
and essential oils or other scenting material are then stirred in and the 
whole allowed to stand. The glycerine which ibrnis on saponilication 
tends to cause the soap to take a translucent appearance. Perfect trans- 
parency can be obtained by the addition of more glycerine, or what accom- 
plishes the same result and is cheaper, cane-sugar. This latter ingredient, 
however, makes the soap irritating to sensitive skins. 

In the remelting of Boajis, followed chiefly in England, several slock 
fioaps may be mixed together, coloring and stinting materials added, and 
the mass heated in a steiim -jacketed pan. If the mixture is rapidly 
agitated, enough air-bubbles may be worked in to enable the cake of soap 
to float in water, even after compression in the stamping press, producing a 
toilet soap which " floats" on water. The addition of some jiearlush (pota.s- 
sium carbonate) is also made at times to improve the lathering tx>wer of 
the soap, but such soaps are alkaline and injurious to delicate skins. The 
finest toilet soaps, however, are made by " milling," a process first carried 
out in France. The bars of stock soap are first " stripped," or out into 
slices by a slicing machine. The chips are dried in a warm air-chamber 
until only a few per cent, of water remains, and then ground between 
heavy horizontal rollers of the milling machine. At this stage the various 
coloring and perfuming ingredients are adde«l, or imgiients like lanolin 
and vaseline. The thoroughly mixed material is then nut into a cylin- 
drical barrel, in which it is compresswl by a piston and comes out as a 
continuous bar, which is cut into lengths and stamjied into cakes. The 
advantages of this method are, first, that inasmuch as no artificial heat 
is applied^ delicate flower perfumes, etc., can be readily incorporated with 
the Hoap mass which it would be imjwssible to use wilh a rcmclti-d soap, 
because the heat would dissipate or destroy the odoriferous matter; and, 
secondly, that as the resulting tablets usually contain only a small quan- 
tity of water, a given weight of soap-cake or tablet generally contains 
a much lai^r quantity of actual soap tliau another cake of the same 
weight prepired by remelting or by the cold process, whilst, being harder 
and stiner, it lasta longer, wasting less rapidly during use. Spherical 
\ cakes and wash-balls are finished by turning and polishing in a kind of 
I lathe. Sometimes the polishing is finished by the use of a cloth dipped 
I in alcohol. 

Sbaving creams are made by the onid process from refined lard and 
canstic potash, adding coooa-uut oil in small amount to facilitate the 
making of lather. 

3. Stearic Acid and Candle Manufacture. — For the extrao- 
tioD of stearic acid, the washed fatty acids (see p. 59) are heated to the 
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mdting point and rim iotn dish^- ! i.n, as shown ia Fig. ! 

28. Thtae are placed in a rnmn, ilii> t^'iiijirniiMn-.Ml" which is kept at | 

BK" 10 86° F. (20" to 30° C), and 

left for t\vo to three days, or until 

llie intents have granulatwl, as the 

[olmitic and stearic acids crystallize, 

when the diahea ai-e emptied into 

fsnvas or woollen bags, which are 

Mtefiilly deposited between the 

plMes of an upright hydraulic press, 

as shown in Fig. 29. Prisaure is 

iKW exerted, increasing in dejjroe 

until tlie flow of the liuuid uleic 

vid cea^«. The hard, tiiin cakes 

of erutie stearic add so obtaine<i are 

tliMi melted down again with steam, 

atdaftersettlinggtlie melted acid run 

into the tin di^es and placed aside 

In cool. The temperature of the 

tooling-room in this case should be 
%her than before, or about 86° F. 
(30° C). The blocks of stearic acid 
pttten are ground to meal, filled in 
bags of hair or wool, and then sub- 
mitted to a second pressure in a hori- 
zontal hydraulic press, tlie plates of which can Iw iifatcfl. In this press, a 
preeeure of six tons per square inch, at temperatures of from 104° to 
i^° F..{40° to 49" C.), ia reached. The cakes so obtained are melted by 
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sUmn, a little wax being Bumetimes aildt-d to destroy tlie (.Tystalltne struc- 
ture of the 9t«M,rii! acid, whicli suiiiewliat iintits it for candle-niaking. 

The yield of stearic acid obtained varies according to the tat used and 
tile process of sapoaifi cation employed, F. A. Sai^s Sons (Vienna) uee 
three per cent, of lime luider a pressure of ten atmospheres, and get 
ninety-five per cent, of crude fat acids and thirtj' per cent, of givtenne 
water (5° to 6° B,), and a final j-ield of forty-five per cent, stearic acid, 
fifty per cent, of oleic acid, and five to six per cent, of glycerine. In 
England, witli the sulphuric acid and distillation process, they get sixty to 
seventy or even seventy-five per cent, of fat acids suitable for candle- 
making, although inferior to that obtained in the lime process, 




Palm oil is now Ufic<l in ci;!.! umh- .|i:aj;i:tii> lin' Uie production of 
palmitic acid at Priw's Candlf i^uioiiinL/s wi.iki-, ua well as by aluio^ 
every candle manufacturer in Great Britain, abont twentj'-five thousand 
tons being aminally consumed. In many continental countries a prohibi- 
tive duty prevents ita employment. From this palmitic acid the fintst 
composite caudles are made by hot-pressing the distilled palmitic acid. 

Palmitic acid for candle-raaking is also made commercially, according 
to a process of St Cyr-Radisson, by fusing oleic acid w-itli a great exesi 
of caustic potash, the products of the reaction Ixjing potassium palmitatfi, 
potassium acetate, and liydrogen. As carried out in Marseilles, the oleic 
acid and potash lye of 41° B. are put into an autoclave provided witli a 
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echanical agitator, and heated until steam ceases to be given off, when the 
>en manhole is closed, and the heat continued until 554° F. (290° C.) is 
ached. Decomposition now commences, and much hydrogen is given off 
rouffh an escape-tube set in the lid of the boiler. At 608° F. (320° C.) 
e odor of the evolved gas suddenly changes, and destructive distillation 
gins. This is arrested by blowing in steam at once, and the contents are 
n out The potassium palmitate is then washed, decomposed with sul- 
luric acid, the free acid washed and distilled. The product of the dis- 
lation is white, and bums excellently when made into candles. 

In the manufacture of candles, the first operation is the preparation of 
e wick. For dip-candles the wick is twisted, for others it is plaited, and 
e kind of plaiting must also vary according to the material used. 
earine candles require a moderately tightly-braided wick, paraffine candles 

extra tight braid, and for spermaceti and wax, on the other hand, the 
aids are measurably loose. After being twisted, or plaited, the wicks are 
led and then dippea into a pickling liquor, which is to retard combustion 
d help in the destruction of the ash. The pickle usually consists of a 
lution of boracic acid, ammonium phosphate, or ammonium chloride. Three 
ans of candle-making are at present in use, — dipping, moulding, and 
»uring. The first is employed for common tallow candles, which are 
cordingly called " dips." Under a frame holding the suspended wicks are 
aced troughs containmg melted tallow, into which the wicks are repeatedly 
pped. After each dipping the adherent fat is allowed to cool sufficiently 

retain a fresh coating on immersion. When the candles have thus 
o\vTi to the proper thickness they are left to cool and harden. These 
eap " dips" are, however, now being replaced by small, moulded " com- 
site" candles, as well as candles made from the soft:er, paraffine scale. 
curing is used only with wax candles, which cannot be moulded because 

the adhering or cracking of the wax in removing it from the moulds, 
well-made wax candle ^ould show rings like a tree, where the different 
ere have been superposed. By far the greater number of candles are 
)ulded, by which process they acquire a much more finished appearance, 
form of frame in common use is represented in Fig. 30. 

The materials in general use for candle-making are tallow, palmitic 
1 stearic acids, paraffine, ozokerite or ceresine, spermaceti, and beeswax. 
iry generally, several of these materials are admixed. Stearic candles 
7e a small quantity of paraffine added to obviate the crystalline structure 
the stearic acid ; paraffine candles always have five to ten per cent, of 
mc acid in them, to prevent the softening and bending of me paraffine 
en warmed. Spermaceti and beeswax are more expensive tiian the 
ler materials, ana are only used now for special purposes, as for church- 
idles and carriage-lights. Ozokerite gives the paraffine candle of highest 
ing point, being some six degrees higher than any other variety of paraffine. 
lored paraffine candles are made by dissolving the coloring matter (v^e- 
»Ie or aniline dyes, not mineral colors) in stearic acid, and tlien mixing tiiia 
th the paraffine, which itself does not take up the color. Paraffine and 
lev transparent candles must be filled in the mould very hot, and after all air- 
bbles have escaped, the moulds must be rapidly cooled by a largefiush of cold 
iter to prevent the paraffine, etc, from crystallizing and thus causing opacity, 

Of interest in this connection is the table of illuminating equivalents, or 
Entities of different illuminating materials necessary to produce the same 
louDt of light, prepared by Frankland. 
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1.26 galluiis. I Wax caudles S6. 10 pound). 

American pel role um, So. 2 . 1.30 giillt>nB. Composite (ttea^ne) . . . . 29.60 pjundi, 
Paraffine eandlefl 18,80 jiounds. I Tullow 36.00 pounds. 

4. Oleomargarine, or Artificial Buttep Mavttactl're. — - 
The manu&cture of a butter siib->titute (rom the solutmn of jkalmitin in 
olein, which is kuo^\n as ()Ieomarpaniie h a fat industrv but, be<ause of 
its close rehitiooa to natural bulttr made from cown milk, it will be 




C)0ii8i(l(.-rt.-il ar> s(i]i|il.'(m'iiian I'l iIil- iic-,MTi|iiiuJi .il biilivr iiinlri uulk indus- 
tries. (See p. 266,) 

5. Glycerike MAyuFACTURE. — For many years after the development 

of the soap and fandle industries, no attempt was made to refover the 

glycerine which was liberated in the sajionifi cation. Its applications in 

medicine and for technical purposi« have made it im|Kii-tant to extract and 

L purify it, however, and it has now as5unie<l almost equal importance with 

t me other fet constituents. The two metluxla of saponification, by which 

1 riyeerine has been obtained on a large scale, are the process of W'ilaon & 

Pbyne, of decomposing the tats by superheated steam and after distillatiiia 

Bee p. 59), and tlie fime autoclave procejss of Milly. (Seep. 58.) In the 

listillatiou process, moreover, by suitable arrangement for fractional conden- 

eation, it is found possible to concentrate the aqueous plvcerine in the process 

I (rf distillatJon. Care nmst be taken that tlio temjwratiire of 600" F. (Sib" 

'^ IB not exceeded, and that plenty of steam is present, otherwise some 

•ine is decomposed and acrolein is formed. In the Milly process, after 
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the decomposition of the fat is completed in the autoclave, the contents are 
bloHTi out into a tank and the " sweet water'* (glycerine) is run off^ The 
concentrating may be done in contact with air or the apparatus may be 
worked in a Yaryan or similar evaporator. Evaporation is continued to 
26° B. ^1.220 specific gravity), when the glycerine is of a brownish color, 
and is known as *' raw," in which state it is sold for many purposes, and 
contains about ninety per cent, of glycerine and traces only of mineral 
impurities. At Price's Candle Company's works the further purifica- 
tion is conducted as follows. The raw glycerine, 8j>ecific gravity 1.240 to 
1.245, is heated in a jacketed pan with that kind of animal charcoal kno^vn 
as ivory-black, and is then distilled; this alternate treatment is repeated as 
often as is necessary. The distillation is performed with superheated steam 
in a copper still provided with copper fractional condensere, the still being 
also heated externally ; the operation is performed at as low a temperature 
as is consistent with distillation, usually about 440° F. (227° C). 

It is obvious that in soap-niaking, as enormous quantities of the fats are 
decomposed, corresiionding quantities of glycerine go into the spent lyes. It 
is only very recently that it has been attempted to recover mis glycerine, 
and no perfectly satisfactory process seems, as yet, to have been adopted. 
More practical, in the opinion of those qualified to judge, seems to be the 
idea recently put forward to d^lycerinize all fats before saponifying them. 
The process of Michaud Frferes, of Paris, as carried out by the Continental 
Glycerine Company, of New York, realizes this idea very successfully. 

According to their patent " the fatty matter is subjected in a close vessel 
to the action of the steam, at a pressure of one hundred to one hundred and 
thirty pounds per square inch, and at corresponding temperature in presence 
of one-fourth to one-third part its weight of water and one-fifth to three-fifths 
per cent of its weight of the oxide of zinc, known commercially as zinc white, 
or a like proportion of zinc powder or zinc gray, which is a residue in the treat- 
ment of zinc, being a mixture of zinc with its oxide. . . . The very small pro- 
portion of mineral substance used is sufficient for dispensing with the acid 
treatment applied for decomposing lime soap, and the product obtained, con- 
sisting almost exclusively of acid fat, can be converted by the acids usually 
employed into soap or candles. In soap-making, the dissolving powers of 
the caustic alkalies remove all objections to the presence of the zinc if it 
should be used in excess. The reducing power of the zinc powder prevents 
discoloration of the acid fats such as results from the ordinary treatment." 
The glycerine thus produced finds a ready sale, as it runs from the 
evaporators, and from it, as " crude," ninety-six per cent, of pure glycerine 
can be obtained. 

6a. Nitro-Glycerine and Dynamite. — In 1847 Sobrero discovered 
a very interesting derivative of glycerine, and in 1 862 A. Nobel gave it to 
the world as a technical product of the greatest importance. When strong 
glycerine is gradually added to a well-cooled mixture of very strong nitric 
and sulphuric acids, it is converted into glyceryl nitrate, or nitro-glycerine. 
For the manufacture of nitro-glycerine on a large scale, Nobel recommends 
that one part of good glycerine be allowed to flow in a thin stream into 
a well-cooled mixture of four pails of concentrated sulphuric acid and one 
part of the very strongest nitric acid ^1.52 specific gravity), the mixture being 
contained in a wooden vessel lined with leaa. Means should be provided by 
which the mixture can at once be run into a large quantity of water should the 
action threaten to become too violent. On standing, the nitro-glycerine sepa- 
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rates as a layer on the surface of the acid, and id skimmed off and washed 
with water and solution of sodium carbonate to get rid of every trace of free 
acid. Or^ according to tlie same authority, a mixture is made of one part 
nitre with 3.5 parts of sulphuric acid (1.83 specific gravity), the mixture 
cooled to 32° F. (0° C), and the liquid poured off from the acid potassium 
sulphate, which separates out ; into tliis liquid the glycerine is slowly dropped, 
the mixture poured into water, and the separatea nitro-glycerine washed 
thoroughly and dried. The yield is two hundred and twenty-three per 
cent, of the glycerine used. 

It has b^n suggested to mix the glycerine beforehand with the sulphuric 
acid, and then run this mixture into the nitric acid, and it is claimed that 
the elevation of temperature is less than when the ordinary method is fol- 
lowed ; but the process does not seem to have been satisfactory in practice 
when tried in England. 

When absorbed by infusorial earth, " kieselguhr," sawdust^ mica powder, 
or other inert porous material, nitro-glycerine forms the different varieties 
of dynamite, and, when combined with gun-cotton, it constitutes the explosive 
known as '^ blasting gelatine.'' 

m. Products. 

1. Purified Oils, Fats, and Waxes, and Products from the same. 
— Most of the important oils, fats, and vrtixes have already been described as 
raw materials, and the methods of purifying them have been noted. The 
purified oils are in some cases the final products sought, and, in some cases, 
only improved raw materials for the main industries, like soap-making, candle- 
making, and glycerine extraction. These purified oils having, therefore, been 
referred to as raw materials, will not be further noted. A number of side 
products, obtained with or produced from these oils, remain to be mentioned. 

One of these minor products of great value is the oil-cake, or compacted 
mass of crushed seeds or nuts, from which the oil has been expressed or 
extracted. This contains all of the woody fibre and mineral matter of the 
seed or nut, the residue of oil or fatty matter not extracted, and, what gives 
it special value, the proteids or nitrogenous constituents. The oil-cake thus 
becomes a most valuable cattle food and a basis for artificial fertilizers. The 
following table gives the com[>osition of a number of the most important 
oil-i-akes : 



Water. 



Earth-nut cake 
Cotton-seed c>uke 
Bape-oil cake . 
Co&a-oil cake . 
8e6ame-oil cake 
Be«ch-nut cake 
Linseed cake 
Camelina cake . 
Poppy-<.»il cake 
Sunflower-oil cake 
Hempeeed cake 
Falm-nut cake . 
Ooooa-nut cake 



11.50 

13.00 

10.12 

11.35 

10.35 

11.40 

10.56 

9.60 

9.50 

10.20 

10.00 

9.50 

10.00 



Non-Xitroeen- 

Fat. ous Materials. 

Woody Fibre. 

1 



Ash. 



8.80 
7.50 
9.23 
9 00 
10.10 
8.50 

9.8;^ 

9.20 
890 
8.50 
a26 
8.43 
9.20 



31.10 
61.00 
41.93 
42.82 
38.80 
49.80 
44.61 
50.90 
3T.»»7 
48.90 
48.00 
40.95 
40.50 



7.25 

8.50 

6.48 

6.28 

9.80 

5.80 

6.50 

7.00 

11.43 

11.40 

12.24 

10.6S 

10.50 



I Protein 
I Material. 



41.85 
20.00 
31.88 
80.66 
81.98 
24.00 
28.50 
23.80 
82.60 
21.00 
21.60 
80.40 
80.00 



Nitrogen. 
Percent 



6.80 
2.90 
6.00 
4.60 
6.00 
8.20 
4.26 
8.60 
6.00 
2.40 
8.80 
4.60 
4.60 
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It will be seen in this table that they vary in proteids or flesh-forming 
constituents <|uite widely. All of these cakes, however, are too rich in these 
proteids and in fiits to be used unmixed as fodder. They are, in practice, 
mixed with cereals, hay, and straw, and then constitute a valuable food. 
The ash is, moreover, very rich in phosphoric acid and in potash, and this 
explains its value for fertilizer manufacture. 

Thus it is stated that, as a fertilizer, one ton of cotton-seed-hull ashes has 
as much value as four and one-half of average hard-wood ashes, or fifteen 
of leached hard-wood ashes. 

The amount of oil-cake obtained from the expression of the different 
vegetable oils is enormous. Thus it is stated that one ton of hulled cot- 
ton-seed (constituting forty per cent of the raw cotton) will yield eight 
hundred pounds of cotton-seed cake and forty-five gallons of crude cotton- 
seed oiL The amount of crude cotton-seed annually obtained in the United 
States is estimated at four thousand million pouncfs, half of which only is 
required for sowing. 

The accompanying table, prepared by Grimshaw, will show how thor- 
oughly the cotton-seed is now utilized : 

Cotton-seed, 2000 poundB. 



I 1 1 

Meats, 1089 pounds. Lint, 20 pounds. Hulls, 801 pounds. 



J 1 r 

Cake. Crade oil, Fibre. 



Bran. 

I 



T 



80O pounds. 289 pounds. 

I I — ' 1 High-grade Fuel. Cattle 

MeaL Summer Soap stock. paper. I food, 

yellow. 

i_ 



Stlad oil 

Snmmer white— 
Ltrt 



Oottoline— 
MioenToil- 
Sotp 



Soap. ^'^' 



— \ 
Winter Cotton-seed Fi 

yellow. stearine. 



'ertillMr. 



An important manufactured oil is what is known as " Turkey-red oil,'^ 
used in the process of alizarin dyeing. (See p. 487.) There are, in fact, two 
entirely distinct oils known under this name. One is simply an inferior grade 
of olive oil, that known as " Grallipoli oil," and for this particular use is pre- 
pared from somewhat unripe olives, which are steeped for some time in boil- 
ing water before being prised. This treatment causes the oil to contain a 
1m^ proportion of extractive matter, and hence it soon becomes rancid. 
Thw preparation has long been used in the old process of Turkey-red dye- 
ing, under the name huUe toumante. The other, used for producing alizarin 
fws by the quick process, is the ammonium salt of auUpho-ricinoleic acid 
(CjjHj^HSOjjO,), a body which is obtained mixed with unaltered glycerides 
wd with products of its decomposition by the action of sulphuric acid upon 
castor oil. 

From linseed oil, as the most important of the class of drying oils, is 
prepared a product of great value for paint and varnish manufacture. (See 
p. 101.) Wnat is called " boiled oil" is linseed oil, which has been heated to 
a high temperature (130° C. and upward), while a current of air is passed 
through or over the oil, and the temperature increased until the oil begins to 
effervesce from evolution of products of decomposition. By adding litharge, 
red-lead, ferric oxide, or manganese dioxide, or hydrate, during the process 
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of boiling, the oxidation and consequent drying of the product are still 
further facilitated. The nature^ proportion, and mode of adding these 
substances are usually kept jealously secret. Lead acetate and manganous 
borate are amone the most approved. The action of some, at least, of 
these "dryers" {e,g,, compounds of manganese) seems to be that of car- 
riers of oxygen, while litharge dissolves in the oil and acts partly as a 
carrier of oxygen and partly as the base of certain salts which oxidize very 
rapidly. 

Many of the fatty oils and notably some of the non-drying oils are 
capable of being thickened and increased, especially in specific gravity and 
viscosity, by having a stream of air blown through them. The products 
of this treatment are known as bloum oils or oxidized oUa. They are not 
resinified as when the drying oils are boiled with driers, but become thick 
and viscid like castor oil. This property is taken advanta^ of, therefore, 
in the production of heavy viscid products, which are used in admixture 
with mineral oils for the purpose of preparing lubricants for heavy ma- 
chinery. While cotton-seed, rape, olive, earth-nut, lard, and linseed oils 
have all been utilized in this way, the two most commonly employed are 
rape and cotton-seed oils. 

Jn carrying out the blowing operation, the oil is usually heated to 70° 
C. (138° F.) or slightly more, ana air is ihen blown in through a vertical 
pipe which })asses down nearly to the bottom of the kettle, the air being 
itself heated to the same temperature. In a short time the oil b^ns to 
oxidize and the temperature to rise. The steam is then shut off from 
the heating coils, and care must now be taken that the temperature does 
noi rise above 80° C. (176° F.). The process usually lasts from twelve to 
forty-eight hours, according to the nature of the oil being treated and the 
character of the product desired. By continuing the operation, products 
may be obtained of specific gravity as high as from .985 to .999 even. 

Blown oils vary in color from a clear yellow to a dark reddish yellow, 
and have a peculiar and somewhat disagreeable odor. They are very 
viscous, as dense or denser than castor oil, from which they differ in not 
being readily soluble in alcohol but in being soluble in petroleum spirit. 
Their perfect niiscibility with heavy mineral oils is, however, their chief 
advantage. The percentage of free fatty acids is usually increased by the 
blowing operation and the percentage of insoluble fatty acids decreased, 
owing to the formation of soluble oxyacids. 

Tne following table from Lewkowitsch (" Oils, Fats, and Waxes," 2d 
€d., p. 734) will show the change undergone by rape oil in consequence of 
H blowing operation : 



I 


Specific 

Rravity 

at 15,50 c. 

0.0141 
0.9275 
O.iMJlS 


Free acid 
as oleic. 

6.10 
6.01 
7.09 


Saponifi- 
cation 
value. 


Iodine 
value. 


Insoluble 
acids. 


Soluble 
acids. 


R«po oil 

^mo, f> houn' blowing . 
S»mo, 20 houni' blowing 


173.9 

183 

194.9 


100.5 
88.4 
63.2 


94.76 
85.94 


0.52 ' 
10.02 



S0AP8.— In noting the pnx^essos for practical soap-making, the follow- 
■ of toape w*ere indicated : (1) compact soaps, including (a) curd 
I %Ntp^i and (0) yellow soaps ; (2) smooth or cut soaps ; (3) 
; and (4) soft or potash soaps. 



The most important difference between the compact, cut, and tilled soaps 
is the amount of water present in the Boap. In the compact soap it may 
vaiy from ten to twenty-five per cent, in the cut soap from twenty-five to 
forty-five per cent, and in the filled soap from forty-five to seventy-five 
per cent. In addition, the filled soap contains the glycerine, spent lye, and 
other imparities of the soap copper. 

The following table of analysis, by Mr. C. Hope, as quoted by Allen,* 
will illustrate the composition of a variety of soaps belonging to these sev- 
aai classes : 



»UK or SoiP. 
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St 

5-° 


S 

f 

"• 

7.98 
700 
r!27 

i.Xi 
6-00 
4.70 
7,» 
l.SS 


3 

i 

'.OS 
-.02 

1S4 

fl.40 


2 

1 

= 

1,01 
.03 

i 

'i 


1, 

¥ 
1 


.J 
=1 

|l 

.75 
.M 


1 

3S.1( 

II 
11 

27.47 


looiae 

89.77 
MM 
W.82 

II 

87.47 


White. Kal 

iruic. No. 2 

SK^.Nci". : : : : : 

(Md»ii«.No.2 

PlllDOiOfO.1. '.'.'.'.' 


Talow 


»:-i 

4B.B5 

11 

48.20 

ma 


TftlowandcocOk-nnloU. . 
Tt lowuid COCM-tlUtoO . . 
TaloKindcocoa-DUtoll. . 
Tftllow. roalD, and coltoD- 

Tallow. n«in'. iiid coBoo- 


Chieflj olive oil '. '. 






.22 1.03 

lira a,>^ 

1 il 


Palm-tiut oil .... 
T& owiDdrDain.' '. 
TBiowandtimu. '. 








ilEI;;;:; 


YtUow (tor foreipi mirkeU) 

















Two of these samples, those designated as " mottled" and " marine," were 
prepared by the " cold process" (see p, 64), which accounts for the totals 
ning appreciably less than 100.00, as the glycerine was retained in tbe 

Mp. 

The chief soaps of pharmacy, as analyzed by M. Declian,t are composed 
*s Mows : 
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Han) loap laapo duriu) . . . 


61.6 


9.92 


.08 


.00 
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0.20 


10.65 


0.50 


Wfaite Cutile loap («. Ouf . oU.' 


76.7 


9.14 


.09 


.00 


afi 


0,90 


13.W 


o.eo 


KotUed CMlile K«p . . . . 


fifil 


fi.it 


.19 


.15 


.63 


0.80 


21.70 


1.30 


Tallow toftp {aapo animiUi*) . 


78.3 


9.57 


.28 


.00 


.47 


0.40 


12.60 


1. 10 


Sun loap («^ moUia) . . . 


48.6 


12.G 


.88 


.17 


.93 


1. 00 


39.60 


1.00 



ded., vol. ii. p. 272. 
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Toilet soaps do not differ in essential composition from the best of com- 
pact and cut soaps, as given above, but they are perfumed and given small 
additions of cosmetic or hygienic preparations. They are prepared in one 
of three ways : (1), by a melting of plain soaps ; (2), a cold perfiiming and 
l)ressing of finely-divided plain soaps ; and (3), direct preparation from the 
raw soap-making materials. 

Trans[)arent soaps are obtained by dissolving the soaps in alcohol and 
diying the solution in moulds, — a slow process. 

Glycerine soaps are obtained by dissolving the soap in glycerine by the 
aid of heat. The glycerine imparts a strength to the lather. 

3. Candles. — ^T^he candle-making materials have already been enumer- 
atcil. (See p. 69.) Tallow and wax candles were the earliest in use. 
Stearine candles, known also under the name of Milly candles, from the 
French inventor of several of the processes of saponification, came into use 
in 1831. About the same time paraifine, first obtained in quanti^ from 
bituminous shakes, and later from ozokerite and petroleum, was used for 
candle-making. These are also kno^^'n under the name of '^Belmontin 
candles," from the locality of the J. C. & J. Field candle-works, in London. 
Candles of mixed stearic acid and paraffine, under the name of Stella or 
Ajwllo candles, were then manufactured. The Galician ozokerite is also 
purified by sulphuric acid, and under the name of ceresine (see p. 31) is 
used in Austria for candle manufacture. Beeswax and spermaceti, as before 
stated, are high-priced materials, and are used for special classes of candles. 
The i>araffine and stearine candles and those whicn are mixtures of these 
materials are now most generally in use. 

4. OLEtXMARGARINE OR BUTTERINE. (See p. 266.) 

y 5. Glycerine and Nitro-Glycerine. — The chemical compound 
which is liberated along with the fatty acids when the fats are saponified by 
any of the various pnxx^sses already narrated is a triatomic alcohol, callea 
glycerine. When i>urified and made absolute, it is a colorless, viscid liquid, 
without ixlor, but with a pronounced sweet taste. The specific gravity of 
the al>Si>luto glycerine is about 1.266 at 15° C. \Mien kept for a long time 
at 0° C, rhombic crystals are formed, their production being greatly &cili- 
tatinl bv the prt^seniv of a readv-formed crystal. The cr\'stals are hard and 
gritty, but deliquestvnt. It lx)ils under ordinary- pressure at 290° C, not 
without dt\\HnjH>sitii>n. It is highly hygroscopic, and is miscible with 
water in all pn>jH>rtions. Glyi«erine is misi*ible with alcohol in all propor- 
tions, but is in:Ji>luble in ehlorv>torm, benzene, petroleum spirit, carbon 
disulphide, or rtxinl oils. Glycvrine is nearly insoluble in ether, from which 
it separates any ak\>hol or water. When glywrine is heated with a dehv- 
dniting agimt \i\Q.j i\>mvntniti\l sulphuric acid), irritatii^ fumes of acrolein 
ft»rj-lic aldehyde), C3H3OH, are evolveil, smelling 01 burning fat By 
mr the largi'st application of glycerine is for the manufisuture of nitro- 
glycerine, but it is alsi> emplovt\l extensively in the manufacture of toilet 
soaps, for filling gas-meters and tulx^ in situations liable to be exposed to 
gn^t tvld, and in pharmacy and meiiicine. It is also used for the preser- 
\-ation of fiKxl priJuots, and for the treatment ^soheelizing) of wine, vine- 
gar, ami beer. 

Nitn>-glycerine is a ht^vy, oily liouid of 1.600 specific gravit}' at 15*^ C. 

The commeivial prv|^ration is usually yellowish to brownish, although the 

"*Tre oil is colorle^ It has no markeil oilor, but is sensibly volatile at 

x^ tenqparmluresv ^ukI the vajn^r causes a violent headache in those 
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UDaocustomed to it ; but people constantly employed in mixing and handling 
dynamite do not suffer from the effects. Nitro-glyoerine has recently been 
employed in medicine, especially for the treatment of angina pectoris, 
Nitro-glycerine is not readily inflammable, and when ignited commonly 
bums with a greenish flame, without explosion. The most characteristic 
property of nitro-glycerine, and that which gives it by far its most important 
application, is that of exploding with extreme violence when smartly struck 
or eompre^ed or when dropped on an iron plate heated to 257^ C. The 
presence of free acid in nitro-glycerine, however, makes it liable to sponta- 
neous decomposition and explosion. 

Nitro-glycerine is easily saponified by alcoholic potash, and is reduced 
by various deoxidizing agents. 

Nitro-glycerine in undiluted state is only exceptionally used now for 
explosive purposes, as in '^ torpedoing" oil-wells. For blasting purposes it 
is mechanically mixed or absorbed in some finely divided solid materiaL 

Thus, Dynamite No. 1 contains seventy-five per cent, of nitro-glycerine 
mixed with twenty-five per cent, of infusorial earth or kieselguhr. This 
nuxture is then packed m cartridges of paraffined paper, constituting the 
"stick" of dynamite. 

Mica powder consists of fine mica scales in which about fifty per cent, 
of nitro-glycerine is absorbed. 

Next in order come explosives in which with the nitro-glycerine is 
combined an active base, either a nitrate or a mixture of nitrate and com- 
bostible substance, like charcoal or sulphur. The best known are : 

Dynamite No. 2 contains forty per cent, of nitro-glycerine, sodium nitrate 
thirty-eight, sulphur six, resin eight, and kieselguhr eight. 

Dynamite No, S contains nitro-glycerine fifteen, and eighty-five of a 
mixture of sodium nitrate, coal, and sodium carbonate. 

Vulcan powder contains nitro-glycerine thirty, sodium nitrate fifty-two 
and five-tenths, and sulphur and charcoal seventeen and five-tenths. 

AtUis powder A and B contains respectively seventy-five and fifty of 
mtro-glycerine, with sodium nitrate, wood fibre, and magnesium carbonate. 
Hercules powder is similar to Atlas powder B, but contains only forty 
per cent of nitro-glyoerine and forty-five of sodium nitrate. 

Vtgorite contains, with thirty of nitro-glycerine, potassium chlorate 
fortj-nine, potassium nitrate seven, wood pulp nine, magnesium carbonate 
sod moisture five. 

Fordie contains nitro-glycerine seventy-five, potassium nitrate eighteen, 
and gelatiuized cotton seven. This latter ingreniient is made by treating 
finely pulped cotton with steam under pressure until converted into a jelly, 
whidi is tnen mixed with the nitro-glycerine and the finely powdered nitrate 
added. The resulting product is a plastic mass resembling rubber, impervious 
to water, and relatively safe to handle. 

Still another and more recently developed class of explosives are those 
in which nitro- cellulose or gun-cotton is combined with nitro-glycerine. 
The most important are : 

Blasting gelatine or gelatine dynamite^ which is a mixture of about 
^hty parts of nitro-glyoerine with twenty of uitro-oellulose. Any un- 
oitrated cotton or trinitro-cellulose interferes with the solution of the nitro- 
glycerine. The addition of four per cent, of camphor renders the mixture 
incapable of exploding when struck by a rifle bullet, but it can be detonated 
b^ a strong dynamite cap. 
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Cordite, which Las been adopted by the Eugliab govemment as a standar 
"smokeless jtowder," contains nitro-glyceriiie fifty-eight, gun-cotton tbirtji 
seven, and vaseline five. The nitro-glycerine and gun-cotton are first tuixec 
19.2 parts of acetone added, and the pasty mass kneaded tor several Iioun 
The vaseline is then added and the mixture again kneaded. The paste i 
then forced through fine of^nings to form threads, which are dried at abou 
40° C, until the acetoue evaporates. The threads are then cut iuto slior 
leugths for use. They resemble a browu twine. 

There are analogous exjtloeives known as " smokeless iiowders" in whicli 
DO nitro-glycerine at all enters, but which are merely cellulose nitrates or 
guu-Gotton gelatinized and dried, as just described. 

Picrates and picric acid are sometimes used ; but, while jwwerful explo- 
eivee, they are consideretl too unstable. Melinite aud Lyddite are of [hts 
class. 

17. Analytical Tests and Methods. 

1. For Oils and Fats. — The total amount of oil in any jtarticula' 
oil-seed or other material is always an important matter to determin* 
This is t)est eflTectcd by treating tlie finely divided and previously drie 
substance with solvents under such conditions as to insure complete ea 
traction. A form of apparatus in which this can be effected with tl 
minimum amount of the solvent is what is called an ofrometer. One of tl 
best of these is the Soxhlet extractor, shown in Fig. 31, where A represea 
the extractor, B the distillation flask, Cthe condenser, aud D the siphoi 
tube which empties tiie extractor. A is filled to three-fourths its capacii 
with the powdered oil seed, and the bulb B is half filled with i>etroleuii 
ether, carbon disulphide, or proper solvent. The apparatus is then coi 
nected, as shown in the cut. As tlie S^ixhlet apparatus is rather fragi 
and liable to break iu handling, it may be replawid by simpler forms o 
extractors. Such an one is the Thorn extractor, shown in Fig. 32, tb 
parts of which are easily understood from tlie illustration. 

To recover the oil from its solution in the ether or other liquid employe*^, 
the solvent should be distilled off at a steam lieat, and the last traces of il 
removed b)- placing the flask on its side and heating it in the \vater-ovpii 
until constant in weight. 

The physical constants which are relied upon as characteristic in the aw 

of oils and fats are spet^fic gravHty, and iu the cnt« of solid fats, fnsinf 

points. Boiling-pointa are not relied upon, because of the jmrtial decom 

position which fixed oils usually undergo when heated to high temperatures 

Specific gravity in the tase of the liquid oils may be determined witl 

the aid of the specific gravity bottle, the Sprengel tube, or the W'estpha 

hydrostatic balanw. The first of these is so well known from elcmentar 

works on chemistry as to need no description here. The Sprengel tube is i 

U-shaped tube, of which the two ends terminate in capillary tubes bent a 

I right angles to the sides. The tulje is completely filled witli oil by im 

w mersing the open end of one tube in the liquid and gently sucking the lu 

I out from the other orifice. The U-tube is then placed iu the mouth ol 

I a oonical flask, containing boiling water (if the determination b to be mad 

at 100° C) or water at any other fixed lower temperature. The excess of oi 

^ that escapes at the orifices of the tube is wiped off with soft paper, and whei 

±he expansion ceases the tube is removed, wiped dry, allowed to cool, an 

r «igbed. The calculation can thcu be made, knowing the weight of th 
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nptv aud filled with water at the same temperature, or at 15° C. Tbe J 
Bt|>ha) balance is shown in Fig. 33. The thermometer or other plummet ] 
H dis|»laees a definite volume oi' tbe oil, so that the loss in weight is the | 
pht of this hulk of the oil under examination. | 

The melting-jtoint of solid fats may be gotten with considerable accuracy 
ihe melting-jwint method in general use in chemical laboratories. A ] 



Fio, SL 
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t while it is in tlie melted r 

id then, afler allowing it to 

i solidify, attach the tube to 

entem of a delicate tliernuimeter 

(1 immerse the thermometer in 

licaker of ^■ater, which is then 

ulually heated until the moltirig- 

int of the fat is reached, and it litiuefies in the capillary tube. The tem- 

mtiire at which this takes plai% is at once read off on the attached ther- 

itueter. To insure accuracy it is desirable to immerse tlie beaker of 

tcr in an outer vessel also filled with water, to which the heat is applied. 

Of great importance with some of the falty oils, such as sperm, rape, and 

il oiJa. b the question of viscosity, aud in quite a number the question of 
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I cold test. The methods of determining tbese have been given i 

I niider mineral oils. (See p, 39.) 

1 In some special eases the use of the oleo-refractometer, an instnimeat 

I for noting the difference in refractive indices of oils, has proven valuable. 

I Thus, true butter fat can be disliuguishcd by this meaus from butterine or 

I oleomargarine. 




' number of chemical inactions have been taken at one time or another 

purjHisc of distinguishing; l>etweeu the different animal andv^etablc 

&18. Many are unreliable and the results contradictory, because 

nt u{>on special conditions, so that no great value attaches to them. 

itonient may fairly be said to apply to most of the color-reactious 

are golten by the action of suljthuric and nitric acids upon the dif- 

oils and to the differences in elevation of temperature caused by the 

•Son of concentrated sulphuric acid to the fatty oils. 

[ Of much greater value, as affording general reactions for the distingnish- 

of the diftiffiit oils and fats, are two processes of treatment now. very 

- aili'plnl liy chemists in the analysis of fate and fatty oils, — viz., 

ilioii ndue and the bromiiie or iodine, absorption vabif. 

i'vtion value (known also as Kotlstorfer value) indicates the 

uuiiiies of ]>otassium hydrate required for tije complete 

I gramme of the fat or wax. The determination is 

' 'wut 1.5 to 2.5 grammes of the tat are treated with 
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twenty-five cubic centimetres of one-half normal alcoholic potash ; when 
saponificatioD has taken place, one cubic centimetre of an alcoholic solution 
of pheDol-phthalein is aaded and the liquid titrated with one-half normal 
liyarochloric acid. A blank experiment is then made by titrating twenty- 
five cubic centimetres of the alcoholic potash alone, and the difference in the 
volumes of the acid used gives the volume of the potash solution neutralized 
by the fat, which is then calculated to milligrammes of potash for one gramme 
of fat used. The following are a few examples : 



Oil or Fat. 

1 

1 


Milligrammes of 

KOH per one gramme 

of fat. 


Average 
saturation- 
equivalent. 


1 Tallow 


193.2 to 198.0 
192.0 to 196.6 

246.2 to 268.4 
220.0 to 247.6 
191.0 (average) 

193.8 (average) 

173.3 f average! 

191.3 (average) 
221.6 to 232.4 
193.6 to 196.6 

123.4 to 147.4 

128.9 f average) 
94.6 (average) 


286.9 
288.8 
218.4 
240.8 
293.7 
289.4 
828 7 
298.2 
247.0 
287.7 
380 to 464 
486.2 
693.6 


Lard 


1 Cocoa-nut oil 


Palm-nut oil 


' Olive oil 

C<»tU)n-*ieed oil 


Ripe oil 


Linseed oil 


Butter fat * 


Butterine 


Speim oil 


Spennaceti 


Beeswax 



The numbers in the last column designated as " saturation equivalents" 
fppresent the number of grammes of the oil or fat in question that would be 
decomposed by one equivalent of potassium hydrate in grammes, and is ob- 
tained by dividing the percentages of potassium hydrate required into 
5610, which is the mole<'ular weight of KOH multiplied by 100. These 
saturation- or saponification-equivalents are quite characteristic for pure 
oils or fats, and allow of the recognition of adulteration in many cases. 

The bromine and iodine absorption methods dciiond upon the i^ereentage 
of bromine or iodine taken up by the oil under conditions intended to insure 
the formation of addition-compounds only. The fatty acids of the acetic or 
stearic series are saturated bodies, which do not form addition-compounds 
with bromine or iodine while the acids of the acrylic or oleic series combine 
with two atoms of a halogen, and, those of the propiolic or linoleic series, 
with fcmr atoms of a halogen. The glycerides of the acids of these three 
ttries behave similarly to the free acids, so that the determination of the 
penentage of bromine or iodine assimilated gives a measure of the proportion 
of oldn as against palmitin and stearin in a mt, and of the linolein of a drying 
oO as compared with the olein of a non-drying oil. 

The bromine absorptions of various fixed oils have been determined by 
Mills and others (Joum. Soc. Cfiem. Ind.y ii. p. 435 ; iii. p. 366), the method 
of operating ultimately adopted being shortly as follows : About .1 gramme 
of the oil, previously deprived of all trace o{ moisture by heating or filtra- 
tion through paper, is placed in a stoppered bottle of about one hundred 
«ibic centimetres capacity, and dissolved in fifty cubic centimetres of carbon 
tetrachloride (carbon disulphide was first used), previously dried by calcium 
Aloride. An approximately decinormal solution (eight grammes per litre) of 
bomine in dry carbon tetrachloride having an exactly known strength is 

6 
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then added gradually to the solution of oil until there is, at the end of fif- 
teen minutes, a permanent coloration. This is compared with a coloration 
similarly producm in a blank experiment, and thus a measure of the bro- 
mine-absorption is obtained. If great accuracy be desired, an excess of 
bromine may be used, aqueous solution of potassium iodide and starch added, 
and the solution titrated back with a standard solution of sodium thio- 
sulphate. 

A. H. Allen uses a modification of tliis process, which he terms the 
" moist bromine process," in which aqueous solutions are used. 

The determination of the bromine value has been wholly superseded hj 
HubPs* method of ascertaining the iodine absorption value, which yields 
far more constant and reliable results. The bromine results, however, can 
be calculated if desired into iodine values by multiplication with ^f = 
1.5875. Hubl's procedure is as follows : 

He employs an alcoholic solution of mixed iodine and mercuric chloride: 
twenty-five grammes of iodine are dissolved in one-half litre of aloobol, 
ninety-five per cent., free from fusel oil, and thirty grammes of mercunc 
chloride in another one-half litre of the same. The two solutions are then : 
mixed after filtration, if necessary, and used after twelve hours' standing; 
it must also be standardized immediately before or after use. About .2 to 
.4 gramme of oils or .8 to 1 gramme of solid fats is weighed off and dis- 
solved in ten cubic centimetres of chloroform ; twenty cubic centimetres of 
iodine solution are added, and successive additions of five or ten cubic oentt- 
metres are made until, after two hours, the solution has a dark brown tint 
It is best to leave it for from four to six hours protected from the ngnt 
before the next step. From ten to fifteen cubic centimetres of a ^^'^.P^ 
cent, aqueous solution of potassium iodide are then added and one ^ |l° '^^ 
and fifty cubic centimetres of water. The free iodine is then titrated wi 
a solution of sodium thiosulphate containing twenty-four g"^°^°^^ JP^I, ^^ 
Tlie amount of iodine absorbed is calculated into units per cent, of the a^ 
and may conveniently be termed the iodine degree. This number apP^ 
to be tolerably constant for eacli oil, or class of oils, and is highest witn 
the vegetable drying oils, as will be seen by this short list teken trom 
Hiibrs table: linseed oil, 158; hemp-seed oil, 143; cotton-seed ^^V/^^' 
olive oil, 82.8; lard, 59; palm oil, 51.5; tallow, 40; cocoa-nut o^ljj;^ 
The values thus obtained are quite constant, provided an excess ot ioain< 
of not less than thirty per cent, be employed and the operations be cam© 
out under exactly the same conditions. . ,. 

Hiibl's method of iodine absorption has been found very useful m di« 
tinguishing the presencxj of cotton-seed oil in both lard and tallow. 1"" 
pure cotton-seed oil has an iodine absorption per cent, of 109.1, while pu 
tallow has only 40.8, and tallow with five per cent, of cotton-seed oil, 4^ 
tallow with ten per cent, cotton-seod oil, 47.1 ; with fifteen per cent, 49. 
with twenty |>er cent, 52.9 ; witli twontv-five per cent., 56.1 ; with thir 
per cent., 59.2 ; and with forty per cent., 66 2.t In the analysis of lard, t 
case IS somewhat complicated by the frequent admixture of beef stearine, 
well as cotton-seed oil. Pure lard appears to have an liidine absorpti 
Der cent of from fifty-seven to sixtv-three, while beef stearine has or 
fro m twenty-three t o twenty-eight per cent. J 

* Joum. Soc. Chom. Ind., iii. p. 641. 
t R. Wniiams, Ibid., 1888, p. 187. 
t J. Pattinson, Ibid., 1889, p. 81. 
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Commercial glycerine is seldom free from contamination, and a variety' 
of impurities are liable to be present. The impurities of raw glycerine are 
much greater in number and amount than those present in the distilled 
j)roduct, and of the former, glycerine from soap lyes is much more impure 
than the prtxluct resulting from the autoclave process. Thus the mineral 
matter remaining as ash in the case of a distilled glycerine never amounts 
to more than .2 jjer cent., while in raw glycerine from soap lyes the ash 
usually ranges from seven to fourteen per cent., and in that from the auto- 
clave process considerably less. The ash will contain common salt, and 
with it may be the chlorides and sulphates of lead, iron, zinc, magnesium, 
and calcium. In glycerine from soap lyes, sulphates particularly are 
present. They may be accompanied by thiosulphates, sulphites, and sul- 
phides resulting from the sulphuric acid saponification of fats. Such 
glycerines are purified only with great difficulty. 

Precipitation with basic acetate of lead often ser\'es to distinguish be- 
tween a distilled and an undistilled glycerine. This treatment removes 
rosin, while rosin oil and free fatty acids are removed by shaking up the 
sample with chloroform. The direct determination of the amount of true 
glycerine in ct>mmercial sampU*s can be effected with moderate accuracy by 
the methtxi of oxidation with potassium permanganate in alkaline solution, 
whereby the glycerine is oxidizeil to oxalic acid, which is then determined as 
calcium salt. For details, the reader is referred to Allen's " Commercial 
Organic Analysis,'' 3d ed., vol. li.. Part i.^p. 314. 

More Uivunuo is sjiid to be the "acrfi/i" method of Benedikt & 
Cantor, which dcinnids uyton the qimntitative formation of glyceryl triace- 
tate when glycvrino is heatiHl with aivtic anhydride. It is carried out as 
follows: 1 to 1.5 gramuios of the crude glyi'crine is heated with seven or 
eight graninu»s aivtio anhydride and about thn?e grammes anhydrous sodium 
acetjite for one to one and a half hours with inverted condenser; it is 
allowtxl to iHH>l, fit\y cubic ivntimotros of water are added, and the heating 
with inverttxl cimdoniSiT ci»ntinuc»il until it Ix^irins to boil. When the oily 
dejxvsit at the lx>ttom of the tl:u<k is dissolveil the liquid is filtered from im- 
puritit^, allowixl to ciH>l. pheni^l-phthalein added, and dilute caustic soda 
(alxmt twenty gnimmes jht litre) nni in until neutrality is obtained. Care 
must W t:iken not to oxcwhI that jx>int, or glycerjl triacetate is easily 
saponifieil. Twenty-five cubic ivntimctres of stn>ng caustic soda (about 
ten per cent, strouirth) an* now addixl fnnu a pipette. The mixture is then 
HeMed for fift^vn minutes and the oxix^ss of alkali titrated back with normal 
balf-nomial hydnx*hloric ai'id. The strength of the alkali used is then 
mniiMxl bv nittisuriujr twentv-five cubic centimetres with the same 
«tte aiKi titnuing it with the same acid. The ditference in the two 
nitkins givt^ the amount of alkali i\»nsunied in sapi>nif\'ing the glycerol 
-neetate« and t\\>m this the irlvivrine rtui Ix* itUciilated. 

anous metluxls have Ixxmi pn^jx>s< J for the analysis of nitro-glycerine, 

i*^ upwi its doi»m)x^ition by dit!onnit reagt^nts. One of the simplest 

mod most :«tistacti>r}' is that pn^|x^\l by Lungi\ who uses for this purpose 

his nitrometor. (Seep.oiXU An aivuratcly-weighed quantity, var^-ing from 

•12 to •Sojpramme, aivi^nlinjr to the pn^jx^rtion of nitro-glycerine and the 

^"^^ ^ w the api^aratus is intnxlut\xl into the mip of a nitrometer filled 

'^Wniy, AlxHit two cubic ivntinutrt^ of i^t^noentrated sulphuric acid 

•nd when the nitnwrlvivrine is dissolved the solution is 

» iiiti»raeter thn^Uirh the tap. The cup is rinsed with 
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successive portions of two cubic centimetres and one cubic centimetre of 
strong sulphuric acid, which are allowed to enter as before, and the contents 
of the nitrometer are then thoroughly agitated in the usual way, and the 
volume of nitric oxide evolved read off after standing about fifteen minutes. 
The volume of gas in cubic centimetres at the standard pressure and tem- 
perature, multiplied by 3.37, gives the weight of nitro-glycerine in milli- 
grammes. Hempel states that the total volume of five cubic centimetres 
of sulphuric acid must not be departed from ; with less than that volume 
the reaction proceeds too slowly, and with more the results are too low. 

In the analysis of dynamite, the nitro-glyv 3rine may be conveniently 
determined by exhausting the dried sample with anhydrous ether, prefer- 
ably in a Soxhlet tube (see p. 79), and weighing the insoluble residue. 
I The nitro-glycerine is estimated from the loss, and, in the absence of other 
substances soluble in ether, such as camphor, resin, etc., this is the most 
satisfiurtory way. A complete scheme for the analysis of all nitro-glycerine 
preparations will be founa in Allen, 3d ed., vol. ii., Part i., p. 339. 
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STATISTICS. 

1. Of Oiijs, Fats, and Waxes. — Of the production of the various 
vegetable and animal oils, fats, and waxes the figures are fragmentary. 
While they do not always give a proper view of these industries, they will 
suffice to indicate in a general way the degi'ee of their development. 

Oocod-nut Oil. — The annual yield of nuts in Ceylon may be taken at 
1,100,000,000. In 1898 the exports of cocoa-nut oil fix)m this island 
amounted to 435,000 hundredweight, and in 1899 to 400,000 hundred- 
weight, besides large quantities of " copra" (the dried pulp of the cocoa- 
nut) and cocoa-nute. L#arge amounts are also exported from the Eastern 
Archipelago, from Britisli India, and from the Pacific Islands. The nuts 
are also expoiiied from the West Indies, from Central America, and from 
Bi*azil. 

The English importations of cocoa-nut oil in recent years have been : 

1895 285,016 cwt, valued at £821,560 

1896 219,204 '♦ ** ** 249,688 

1897 242,731 '• '* ** 265,068 

1898 307,101 '* ♦* " 844,108 

1899 458,297 '* '» " 545,642 

OiL — ^The exportation of palm nuts from Southern Africa, aocord- 

von Scherzer, reaches 1,300,000 metric centners annually, of 

ereater part goes to France. The exportation of nuts from 

dua, Siam, Cochin-China, Cliina, South-Sea Islands, and Brazil 

imounts to 600,000 metric centners. 

^Dglisb importations of palm oil in recent years have been : 

*a« 1,262,933 cwt, valued at £1,320,690 

• 1,146,391 »* ** " 1,204,679 

973,108 »• " ** 1,001,868 

910,900 »» »* »* 975,447 

945,472 " " »» 1,087,265 



• 



chiefly in Mediterranean lands and in the East 
tuie in Italy is now 2,258,000 acres. The oil 
lied to be 3,338,825 hectolitres. The export of 
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olive oil from Italy ranges from 50,000,000 kilos, to 92,000,000 amiually, 
atwrding to the crop of olives (Simmonds's Tropical Agriculture, p. 394). 
Spin has some 2,500,000 acres devoted to olive culture, and the average 
annual production of oil for the last five years has been 2,976,384 metric 
centners. Of this the home consumption, for food, lighting, soap-making, 
etc., took 2,754,064 metric centners, leaving 222,320 metric centners for 
export. France had, a few years ago, 317,800 acres of olives under culti- 
vation, producing 7,318,352 bushels of fruit and 392,618 hundredweight of 
oil. The total Greek export in 1875 was 12,244,615 okes (of 2.83 pounds). 
The Algerian production' in 1877 was 55,239,000 kilos, of fruit, yielding 
1,543,400 hectolitres (of twenty-two gallons) of oil. (Spon.) The ex- 
portation of Turkey and the Turkish provinces is estimated at 900,000 
metric centners annually. (Heinzeriing^ 

The importations of olive oil into France is estimated at 20,000,000 
kilos, annually, and the exportation at 5,000,000 kilos. (Schaedler.) 

The English importations of olive oil for recent years have been as 
follows : 

1895. 1896. 1897. 1896. 1899. 

Oliveoil in tuns (252 wine gals.) 14,834 18,858 15,440 18,044 15,930 
Valued at £522,811 £612,876 £515,581 £608,122 £553,286 

The United States importations of olive salad oil have been as follows : 

1895. 1896. 1897. 1898. 1899. 

Gallons 775,046 942,598 928,567 786,877 930,042 

Valued at . . . $952,405 $1,107,049 $1,134,077 $923,804 $1,090,250 

Com Oil, — Within the last few years corn oil has become an important 
article of export. The figures are as follows : 

1898 2,646,500 gallons, valued at $675,646 

1899 2,360,623 *' •' 565,293 

Rape or colza oil is cultivated in Grermany, France, Austria, Hungary, 
Russia, Roumania, and India. The area in Germany planted with the dif- 
ferent varieties of brassica amounted in 1882 to 445,000 acres, the crop 
of rape seed to 1,882,000 metric centners, valued at 50,500,000 marks. 
The importations of rape seed into Germany were in 1882, 681,000 metric 
centners, and in 1883, 1,154,290 metric centners. After deducting the seed 
for sowing, some 2,500,000 metric centners were available for oil produc- 
tion, and from this 900,000 to 1,000,000 metric centners of oil, valued at 
48,000,000 to 56,000,000 marks, and 1,300,000 metric centners of oil-cake, 
valued at 17,000,000 marks, were obtained. 

England imports some 800,000 metric centners of rape seed annually, 
and produces quite an amount. Austria presses for oil about 550,000 
metric centners of rape seed annually, obtaining 200,000 to 225,000 metric 
centners of oil. The total consumption of rape and colza oil in Europe is 
tttimated at 2,800,000 to 3,000,000 metric centners per annum, valued at 
nO,000,000 to 175,000,000 marks. (Heinzerling.) 

The exportation of rape seed from Russia in 1879 amounted to 1,294,728 
bushels, and from Roumanian ports, on the Danube, in 1878, to 938,376 
bushels. The shipments from India in recent years have been as follows : 

1886. 1886. 1S87. 

4,621,988 cwt 8,721 ,840 cwt 2,664,698 cwt. 
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SesamS Oil. — The seeds come chiefly from the East Indies and the 
Levant, and the oil is pressed in Marseilles and Trieste. British India 
exerted in 1885, 2,646,484 h undrcHi weight ; in 1886, 1,759,343 hundred- 
weight; and in 1887, 2,121,119 hundredweight. France imports some- 
what more than 1,000,000 metric centners; England, 250,000 metric 
centners; Italy, 150,000 metric centners; and Grermany, 140,000 metric 
i-entners of sesame seeds. 

Ground-nut Oil. — The ground-nut (pea-nut), while indigenous to 
America, is now cultivated, for the oil it contains, in Africa, India, the 
West Indies, and Brazil. The American production, located chiefly in the 
States of North Carolina, Virginia, and Tennessee, amounts to an average 
of 3,500,000 bushels, or 77,000,000 pounds. The production of 1899 
exceeded the average, amounting to 4,500,000 bushels. The average pro- 
duction of "Spanish pea-nuts" in the United States amounts to 16,500,000 
pounds. About 400,000,000 pounds are annually exported from India and 
Africa, of which about half goes to Marseilles to be expressed for oil. The 
importations at Marseilles, where the oil is chiefly extracted, have been for 
the last few years : 

SheUed. UnsheUed. Total. 

1897 8.355 tons. 81,888 tons. 40,248 tons. 

1898 5,466 " 68,286 *'. 68,752 

1899 9,579 " 61,241 " 70,820 






It is estimated that 3,250,000 bushels are annually eaten in the United 
States. 

Cottonseed Oil. — In the United States, it is reckoned that for each 
one pound of ginned cotton there are two ]K)unds of seed. As the cotton 
crop of 1898 was 11,189,205 bales of 470 i)ounds, or 5,258,926,350 pounds, 
the production of seed must have been about 10,517,852,700 pounds, or 
some 4,695,470 tons. About one-third of this is required for sowing. 
The balance, 3,130,313 tons of crude seed, when hulled, would yield about 
1,750,000 tons of hulled seeds. Kach ton of hulled seeds yields 45 gallons 
of crude cotton-seed oil and 800 pounds of cotton-seed cake. 

Of this annual production of crude cotton-seed oil, perhaps one-fourth 
goes into the production of ** conijK)und lard," and the rest is partly ex- 

*ed as cotton-seed oil, partly used in admixture with drying oils, and 
as soap-stock. 

le exportations of cotton-seed oil from the United States for the last 
/ears have been as follows : 

1895. 189& 1897. 1898. 1899. 

A)n-eoed oil in gallons. 21, 187,728 19,445,848 27.198,882 40,230,784 60,627,219 
fiducd at $6,813,813 $5,476,510 $6,897,361 $10,187,619 $12,077,619 

In Europe, England is the chief country extracting the oil from the 
wtton seed, which comes chieflv from i^vpt The imports of seeds into 
•^aud for 1886 were 255,701 tons; for 1887, 276,570 tons; for 1888, 
'tons. 

U is produced chiefly in Russia. The exports of hemp 

'878 were 629,520 bushels, and in 1879, 725,809 poods 

of seed and 573 j>oods of the oil. (Spon's " Encyclo- 



92 



INDUSTRY OF THE FATS AND FATTY OILS. 



Lofoten, Romsdal, and Lodde is thus given on the authority of F. P. 
Moller (Cod-liver Oil and Chemistry, London, 1895) : 



Ykar. 



1890 
1891 
1892 
1898 
1894 



Number of flsh. 



61,614,000 
40,880,000 
44,212,000 
47,788,000 
62,484,000 



Barrels of com< 
moD liver oil. 



68,686 
88,816 
47,061 
41,861 
84,670 



Barrels of steam* 
prepared liver oiL 



21,173 
22,381 
16,381 
18,767 
21,294 



Spermaceti and Sperm Oil. — ^The production of spermaceti in the Ameri- 
can whale-fisheries was 1,300,959 gallons in 1878, and 1,285,454 gallons 
in 1879. The exports of sperm oil from New York in 1878 were 912,603 
gallons, and in 1879, 1,089,137 gallons. (Spon's "Encyclopedia.'^) The 
exportations of sperm oil have much diminished in more recent years. 
Thus, the exports for 1889 and 1890 were given as 98,823 gallons and 
162,565 gallons respectively, valued at $69,628 and 1^124,601, and have 
since ceased almost entirely. 

Lard and Lard Oil, — The production of lard in the United States 
during recent years is thus given by the Oincinnati Price Current : 



1884-8f). 
Pounds. 



Pounds. 



1886-87. 
Pounds. 



1887-«8. 
Pounds. 



1888-89. 
Founds. 



480,406,000 614,280,000 627,082,000 487,179,000 483,902,000 



188&-90. 
Pounds. 

624,227,000 



Of this production from one-third to one-half is " compound lard," or 
lard admixed with cotton-seed oil and beef stearine. 

The exports of lard from the United States during recent years have 
been as follows : 

1895. 1896. 1897. 1898. 1899. 

Pounds . . . 474,805,274 509,534,256 668,315,640 709,344,046 711,259,861 
Valued at .$36,821,608 |33,589,851 |29,126,485 $39,710,672 $42,208,466 

Of this amount approximately one-third goes to Great Britain and 
Ireland and one- third to Germany. 

The exports of lard oil during the same years were : 

1895. 18%. ir97. 1898. 1899. 

Gallons .... 553,4isl 833,935 961,407 776,102 917,007 

Valued at . . $304,093 $426,401 $419,803 $806,825 $412,447 

Talloic, — The production of tallow for all European countries for the 
year 1882, according to Mulhall,* amounted to 355,700 tons, for the United 
States to 330,000 tons, and all other countries, 60,000 tons, making a total 
of 745,700 tons. The exportations of Russian tallow have greatlv dimin- 
ished in recent years ; they were 40,300 tons in 1860, 21,100 tons 'in 1870, 
and 10,400 tons in 1880. ^ The exportations from the United States, River 
Plate in Soutli America, and Australia, on the other hand, have increased, 
specially the first and the last of these. In the year 1883 the exporta- 
tions of tallow were as follows : From the United States, 45,000 tons ; from 
Australia, 28,000 tons ; from Argentine Republic, 10,500 tons, and from 
Uruguay, 12,000 tons. (Heinzerling.) 



* Mulhall, Dictionan* of Statistics, p. 434. 
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The exportations from the United States in recent years have been : 

1895. 1896. 1897. 1898. 1899. 

Pounds . 25,864,800 62,759,212 75,108,834 81,744,809 107,361,009 

Valued at . $1,293,069 $2,823,764 $2,782,696 $3,141,663 $4,367,356 

The English importations of tallow and stearine during the same period 
have been : 

1895. 1896. 1897. 1898. 1899. 

Hundredweight . 2,176,822 2,049,749 1,950,075 2,021,921 2,061,187 
Valued at. . .£2,675,071 £2,178,662 £1,870,289 £2,066,483 £2,380,981 

Chinem or Insect Wax. — The amount annually produced is valued b> 
Professor Thistleton Dyer, of Kew Gardens, England, at £600,000. 

Oamauba Wax. — ^The exportation of this wax from Brazil was esti- 
mated in 1876 at 871,400 kilos., valued at £162,500. 

Japan Wax. — The exportations from Japan were in 1872, 1,230,588 
kilos.; in 1873, 1,520,751 kilos., and in 1874, 1,302,465 kilos. The 
London importations in 1880 were 564,000 kilos., and in 1881, 666,660 
kilos. 

Soaps. — Sir Henry Roscoe stated, in 1881, in his inaugural address 
before me Society of Chemical Industry, that the annual production of soap 
in Great Britain and Ireland was about 250,000 tons. In a report on the 
exhibits at the Paris Exposition of 1878, it was stated that the French soap- 
trade had been for some time stationary at about 220,000 tons per annum, 
but was then declining. 

The English export of soaps for the last five years has been : 

1896. 1896. 1897. 1898. 1899. 

Hundredweight . . 728,898 719,651 738,564 805,665 030,827 
Valued at . . . £766,704 £744,848 £762,248 £881,207 £942,269 

The United States imports some soap (chiefly toilet and fancy grades) 
and exports a still larger amount (chiefly plainer grades). Thus, in recent 
years the values were : 

1897. 

Imports $766,876 

Exports 1,136,880 

Glycerine. — ^The total output of crude glycerine in the world is said to 
be 40,000 tons per annum, of which 14,000 tons are obtained in soap 
manufacture and 26,000 tons in stearine manufacture. The glycerine from 
these two sources is produced as follows : 



1898. 


1899. 


$498,512 


$576,197 


1,890,603 


1,457,610 



England . . 
France . . 
Germany . 
United States 
Holland 
Austria 
Russia . 
Belgium 

Spain . 
Other countries 



From soap- 
making. 

5500 tons. 
8500 
2000 
3000 






(I 



rom stearic acid 


manufacture. 


1200 tons. 


6000 




8000 




8000 




2000 




2000 




2000 




1800 




1800 




1600 




1700 
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CHAPTER III. 

INDUSTRY OF THE ESSENTIAL OILS AND RESINR 

I. Raw Materials. 

1. Essential Oii^. — ^The essential or volatile oils, as they are ter 
are found extensively distributed throughout the vegetable kingi 
They occur in almost all parts of the plants except the cotyledons oi 
seeds, in which, in general, the fixed or fatty oils are contained, 
essential oils impart the peculiar and characteristic odors to the plants ; 
furnish us our perfumes, spices, and aromatics, and many of them po 
valuable medicinal properties. 

The essential or volatile vegetable oils are procured in several w 
(1) by distillation ; (2) by absorption or " enfleurage" ; (3) by meani 
solvents ; (4) by expression ; and {o) by maceration. 

In the distillation method the plants are put into the still along 
about an equal weight of water, either with or without previous soat 
and the distillation carried on rapidly. If necessary, the water that s 
rates from the oil in the receiver is returned to the still and driven ov 
second or third time. The separation of the oil and water is effecte 
what is termed a " Florentine receiver," from the bottom of which 
water can be siphoned off without disturbing the oily layer. The odoi 
some flowers, such as jessamine and mignonette, are too delicate to 
heat, and for these the process of absorption, or " enfleurage," as it is cs 
in the south of France, is employed. Sheets of glass in wooden fra 
called cAa^w, are c»oated on their upper and lower surfaces with gi 
about a tenth of an inch in thickness. The flowers are spread upon 
grease, and a number of frames are suix?rimposed on each other. Afl 
day or two the flowers are carefully removed and replaced by fresh < 
and this is continued for two or three months, till the fat is impregr 
with the ixlors. It is then removed and extracted with alcohol. Reoe 
the grease has betm replaced in some cases by soft parafBne, glycerin 
vaseline. 

For the extraction by solvents, akx)hol, ether, petroleum-naphtha, 
notably carbim dis^ulphide are employeil, and the solvent recov^erec 
distillation. The essential oils of lemons and oranges of commerce, an 
some other fruits, are chiefly obtained by submitting the rind to pow< 
pressure. The oils are more fragrant but not so white as when disti 
and the pro(M?ss is only adapted for substances which are very rich in e$ 
tial oils. Flowers with very delicate perfume, such as those of the b 
orange, violets, etc., which would be siK)iled by distillation, are treatec 
this method. The medium used for infusion is clarified beef or mi 
suet or lanl. The fat is melttnl, the flowers immersed, and the mh 
stirred occasionally for a day or so. The exhausted flowers are rem< 
and finesh ones introduced, and such renewals are continued till it is jm 
that the &t is sufficiently charged with the oil. 
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The essential oils are usually more limpid and less unctuous than the 
fixed oils, but some of them, when in the crude state, may be quite thick or 
even semi-solid from admixtures of solid and crystalline ingredients with 
the more liquid portion. Their odor is that of the plants which yield them, 
and is usually powerful ; their taste is pungent and burning. They 
mix in all proportions with the fixed oils, dissolve in both alcohol and ether, 
and are sparingly soluble in water, forming "perfumed" or "medicated 
water." They are not saponifiable. Their boiling-points usually range 
from 310° to 325° F. (154.5° to 162.7° C), although in some oils the 
hydrocarbons boil at 356° F. (180° C.) or even higher. They are, how- 
ever, capable in most cases of being distilled in a current of steam. In 
specific gravity they vary from oil of citron .850 to oil of winter-green 1.185 
atl5°C. 

Chemically, essential oils may be divided into the three great classes, — 
oik composed of hydrocarbons only ; oils containing oxygenated compounds, 
and oils containing sulphur compounds. We will note briefly the more 
important illustrations of each of these three classes. 

I. The oils which do not contain oxygen are composed of hydrocar- 
bons of what is called the terpene series. These seem to be of a common 
formula, which is CjoHig or a multiple of this. We may distinguish several 
groups. 

1. HemUerpenes, CjHg. — A hydrocarbon of this formula is yielded 
when caoutchouc is destructively distilled. 

2. Terpenes, C,0H,g. — ^The true terpenes. Of these some six or eight 
distinct compounds have been obtained, but they may exist in different 
physical modifications according as they are right or left rotatory or in- 
active to polarized light 

3. SesqaiterpeneSj C13H24. — ^This group includes the hydrocarbons of 
oils of ceoar, cubebs, and cloves. 

4. DUerpeneSy CjqHjj, includes colophene, obtained in the treatment of 
oil of turpentine, and possibly others. 

5. PdyterpeneSy (CioH,g)n, includes the polymerized hydrocarbons of 
caoutchouc and gutta-percha. 

II. The oils which contain oxygen may owe this to one of several 
classes of oxygen compounds. 

1. Ocmphora, — This group includes common or Japan camphor, bor- 
neol, cineof, or eucalyptol, menthol. These bodies are either alcohols or 
ketones in chemical character. 

2. Unsaturated Alcohols and Aldehydes. — A number of com|K)unds of 
this class have recently been identified as constituting important odoriferous 
principles in oils. Thus, geraniol, or rhodinol and liualool (coriandrol) are 
unsaturated alcohols, while citral and citronellal are unsaturated aldehydes. 

3. Esters or Compound Ethers of Alcohols. — The formic, acetic, and 
valeric ethers of bomeol and the formic and acetic ethers of linalool and 
S^raniol are all found natural in essential oils. Methyl salicylate is another 
compound ether, constituting the main constituent of oil of wintergreen. 

4. Phenols. — ^Thymol, 01 oil of thyme, and carvacrol, of origanum oil, 
belong to this class. 

5. Ethers of the Phenols. — Anethol, of anise oil, eugenol, of oil of cloves, 
^ safrol, of oil of sassafras, belong here. 

6. Aromatic Aldehydes. — Benzaldehyde, salicyl aldehyde, anisic alde- 
Me, vanillin, cumin ^dehyde, and cinnamic aldehyde belong to this class. 
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III. The oils which contain sulphur seem to belone to two classes. 

1. Sulphides of Organic Radicals. — Garlic oil, onion oil, leek oil, ai 
similar oils contain allyl and vinyl sulphides. 

2. Sulphocyanates of Organic Radicals. — Mustard oil and some othc 
contain allyl sulphocyanate. 

Oil of Turpentine. — ^Thisoil is produced by all the Oonifera in greater 
less amount. It flows from cuts in the tree as a balsam (see p. 97), knoi 
as turpentine. This, on distillation with steam, yields the volatile oil 
turpentine, and there remains behind the resin (colophony resin) commoc 
known as ** rosin." AMiile a number of minor varieties of turpentine i 
kno\vn, such as Venetian, Hungarian, Strasburg, Chios turpentines, a 
Canada lialsam, which are of pharmaceutical value, but three commercial 
important varieties of oil of tuiyentine need be noted. They are Engli 
or American oil of tuq^entine, from Pinus auMralis and Pinus tasda, a 
lected in North and South Carolina and Georgia ; the French oil of ti 
pentine from Pinus mariiima, collected in the neighborfiood of Bordean 
and the Russian or German oil of turpentine, from Pinus sylvesfris. ( 
the American oil, only seventeen per cent, is obtained on distillation of t 
crude tuq)entine balsam ; of the French, as much as twenty-five per cei 
of oil may be obtained ; and of the Russian, thirty-two per cent. T 
essential composition of all three of these oils, when rectified, is C,oH,g, 1: 
distinct hydrocarbons, differing in physical if not in chemical characters, a 
considered to be present in each of the three oils. Thus the terpene, CjoH 
of French oil of turpentine is laevo-rotatory, and is known as Iwvo-pinei 
while tliat of the American oil is dextro-rotatory, and is known as dexir 
pinene. (hlierwise they are practically identical in properties. Russian < 
of tur|)eutine Ci>nsists mainly of a hydrocarbon, si/lrestrene, which boils sot 
sixteen to twenty decrees Centigrade higher than the others, and shows soi 
other minor differences. The a>mniercial oil of turpentine is a -colorle 
very mobile, highly refracting liquid, of pleasant odor when freshly rectific 
but bect)niing disagreeable by exposure to the air, as it aljsorbs oxygen ai 
becomes resinous. It is almost wholly insoluble in water, glycerine, ai 
dilute alkaline and acid solutions. It is soluble in absolute alcohol, ethi 
carbon disulphide, benzene, {)etroleum spirit, fixed and essential oils. It 
itself a solvent for sulphur, phosphorus, resins, fats, waxes, caoutchouc, el 

Tur])entine yields a number of interesting and medicinally im[)orta 
derivatives under tlie influence of different reagents. Thus, by the acti« 
of hydnK*hlorie acid gas is formed pinene hi/deochloridej CioHi^Cl, knov 
as " artificial camphor,'' IxH^auso of its apjiesirance and xlor. When heat 
with soaps or weak alkali, it splits off hydnx^liloric acid again and leav 
camphcne, C\Ji^^. When turpentine oil stands in contact with water, € 
pecially in the presence of nitric acid and alcohol, it unites with thr 
molecules of water to fonn a hydrate, C,^Hij(OH)2 -r HjO, known as terp 
h^rafe. This is in colorless rhombic prisms of slightly aromatic ai 
somewhat bitter taste, melting at 11()^-117°. When the anhydrous ferpi 
CjoHj/OH)., obtainwl in this liwion is distilled with dilute sulphuric ac 
it loses a mohvule of water and yields terpineoL C,^H,-(OH), an oil < 
hyacinthine mlor wliich is useil in nieilioine. When sulphuric acid 
alloweil to stand in contact with oil of tuqHMitine and the mixture after 
day's standing is heateil to l>oiling, the oil is changinl into an optical 
inactive mixture of ter}K?ues, known as (erebene, which boils, according 
*He United States Pharniacoixeia, at lo(5*^-l(50°. 
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Camphor. — ^This is one of the most important of the oxidized principles 
which were referred to as accompanying the hydrocarbons in the crude essen- 
tial oik While the name is frequency used to d^ienate a class of com- 
pounds, it is commercially restricted to the laurel camphor, CioHi^O, which is 
obtained from the wood of the Japan camphor-tree {Camphor a officinarum) by 
distillation with water and after purification with sublimation. It forms 
a colorless, translucent, tough, fibrous mass, but may be obtained crystal- 
lized in prisms. It has a peculiar, fragrant odor and burning taste. It 
melts at 347° F. (175° C), and boils at 399.2° F. (204° C). It is nearly 
insoluble in water, but readily soluble in alcohol, ether, acetone, carbon 
disulphide, chloroform, and oils. 

Bomeol (or Borneo camphor), dneol (or eucalyptol), linalool, and geraniol 
are camphors with the formula CioHigO. They occur either free or in the 
form of esters in many of the essential oils. 

Menthol, CiqU^O, is a white, camphor-like body found in peppermint 
oil, from which it may be chilled out. It is largely used in medicine and 
pharnaacy. 

Thymolf CjoHi^O, found in a number of essential oils, is a solid phenol. 

2. Reslns. — The resins are products of the oxidation of the terpenes, and 
either accompany them in the crude essential oils or occur as exudations 
from trees hardening on exposure to the air. The classification of resins 
usually adopted at present is into (1) true resins, (2) gum resins, and (3) 
oleo-resins or balsams. The true resins are hard, compact products of 
oxidation, made up chiefly of what are termed " resin acids, which, admixed 
with fatty acids, are capable of saponifying with alkalies and yield " rosin 
soaps" (see p. 64) ; the gum resins diflTer from the true resins only in con- 
taining some gum capable of softening in water ; and the oleo-resins include 
the mixtures of essential oil and resin of whatever consistency and the mix- 
tures of benzoic and cinnamic acid and salts of these acids. This last class is 
obviously much the largest of the three. To the first class belong the hard 
resins, which serve for the manufacture of varnishes, such as copal, dammar, 
naastic, sandarach, dragon's blood, gum lac, and amber ; to the second class, 
olibanum or frankincense, myrrh, ammoniacum, asafoetida, galbanum, and 
tragacanth ; and to the third class, crude turpentine, benzoin, storax, 
copaiba, Peru and Tolu balsams. Brief mention will be made of a few of 
the oonmiercially more important 

Amber is a fossil resin found in detached pieces on the sea-coast, and 
Particularly in the blue earth along the Baltic coast of Prussia, between 
KSnigsberg and Memel. Its applications are chiefly as an article for the 
'Danufacture of mouth-pieces of pipes and cigar-holdei-s and for beads, for 
Ae preparation of a superior varnish, and for the production of amber oil 
*Dd succinic acid. 

Gum Arahi4). — This is included among gum resins because an exuda- 
tion analogous to other resins, but is almost wholly a gum, soluble in water, 
*nd closely related chemically to the starch group. (See p. 168.) It is 
yielded by the different species of Acacia, and, at present, comes chiefly from 
Central and North Africa, by way of Egypt, Sen^al, and the Red Sea. It 
^es greatly in purity and color, and is used, because of its mucilaginous 
^racter, for a multitude of applications, as in medicine, confectionery, 
preparation of textile fabrics, manufacture of inks, etc. 

Copal and AnimS. — ^These terms include a number of related resins, which 
^ of both fossil and recent origin. The Zanzibar copal or anim6 is chiefly 

7 
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foesil, and is dug out of the soil by the natives for some distance along (lie 
southefl^rmooaKt of Africa. Sumc fresMy-esnded cojul resin is also gathered 
here. On the west coast of Africa, for a distance of seven hundreu miles, 
copal resin is also dug as a fossil. When of good quality it is too hard to 
be scratched by the nail, has a conchoidal fracture, and a specific gravity 
ranging from LOSS to 1-080. Unlike others, tlie copal resins are soluble ■ 
witli dit&cul^ in alcohol and essential oils, and this pniperty, combined ' 
with their extreme liarflncss, renders them very valuable for making 

■ varnishes. 
Davtvtar is obtiined from the Dammara orientali*, a coniferous tree, 
indigenous in the Ea^t Indies and IMoluccas, and also from Dammara, 
mintniiU, in New Zealand. The two varieties an? known as East Indian 
and Australian dammar, the lattt-r being also known as Kauri resin. The 
former is that comuionly met with iu eommeree imder the simple name of 
dammar. The resin occurs in masses, coated on the exterior with white 
powder from mutual attrition, while the interior is pale amber-colored and 
transparent. It is scratched by copal, but is harder than nisin. The resin 
«>lits and cracks at the temperature of the hand. The Kauri variety- is chiefly 

I fossil in its origin. The dammar is extensively used in tlie manufacture of 
-varnishes. 
Iaic is a resinous incrustation produced on the bark of the twigs and 
branches of varioiis tropical trees, by tlie puncture of the female " lac in- 
eeet" {Ooccue lacca). Thia crude exudation constitutes the ullck-lae of com- 
merce. S/ifU-ltic or shellac is prepared by spreading the resin into thin 
plates af^er being melted and strained. In the preparation of the shellac, 
the resin is freed from the t»loring matter, which is formed into cakes, and 
is known as " lac-dye." " Button-hic" differs from shellac only in form. 
Instead of being drawn over a cylinder, the melted lae is allowed to fall 
upon a flat surface, and assiuncs Uie shape of large cakes about three inches 
in diameter and one-sixth inch thick. Bleached lac is preiKired by dis- 
Botving lac in a boiling lye of pearl-ash or caustic potash, filtering and pass- 
ing chlorine through thesoludon until all the lac is pret'ipitated. This is then 
collected, well washed, and pulled in hot water, and finally twisted into 
sticks and thrown into vcAA water to harden. 

Seed-lac is the residue obtained after dissolving out most of the coloring 
matter contained in the resin. The common shellac is used in vamishca, 
lacquers, and sealing-wax ; the bleached lac in pale varnishes and light- 
colofpd sealing-wax. I 

Mastic is the resin flowing from the incised bark of tlie Pistacia \ 
laiiisaus, and comes exclusively from the Island of Chios, in the Mediter- 
ranean. It comes into commerce in pale, yellowish, transparent tears, 
which are brittle, with conchoidal fi-acture, balsamic odor, and softens be- 
ween the teeth. It is soluble in alcohol, oil of turpentine, and acetone, 
Kt is used in vamish-making. 

T Colopliony Rmin (rosin) is tlie solid residue lefl on distilling oEf the 

rolatile oil from the crude turpentine. The resins from the Bonltuux Uii- 

aitine and that from the Amerii^n turpentine are substantially identical, 

Tfiin is a brittle, tasteless, very friable solid, of smooth, shining fracture 

"dficgravity about 1.08. It softens at 80° C. (176° F,), and fixs^ coml 

plet*ly to a limpid yellow liqnid at 135° C. (275° F.). 

It is insoluble iu water, difficultly soluble in alcohol, but freely solubU 
K ether, acetone, benzene, and fatty oils. With boiling alkalies it ta^M b 
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it becomes soft, and at 50° C. (122*^ F.) it oan be kneaded or rolled out 
into plates. Between 55° C. and 60° C. it is so thoroughly plastic as to be 
drawn into tubes, thread, plates, and at 120° C. (248° F.) it melts. Its 
elasticity seems distinctly greater in the direction of its fibre than in an 
opposite one, while caoutchouc is equally elastic in all directions. Gutta- 
percha is a poorer conductor of electricity than caoutchouc, and hence its 
extensive use in insulating wires and cabl^. Its power of softening at 45° 
C. is partly overcome by the process of vulcanization or union with sulphur. 
Chemically, gutta-percha seems to be composed, like caoutchouc, of a hydro- 
carbon (CioHj^)^, but is always accompanied by a certain amount of oxida- 
tion products. Payen found that the crude gutta-percha, after thorough 
exhaustion with alcohol, left seventy-eight to eighty-tw-o per cent, of a pure 
hydrocarbon, that he termed gutta, which, at from 15° C. to 30° C. (59° to 
86° F.), was tenacious and ductile, but not very plastic. 

Balaia is the dried, milky juice of the bully-tree (Sapota 3IiUeri), which 
flourishes in Guiana. The balata is obtained from the juice in a manner 
similar to gutta-percha. In its properties it is intermediate to caoutchouc 
and gutta-percha ; it is more plastic and readily kneaded than the former 
and more elastic than the latter. At ordinarj^ tem[)eratures it is compact 
and homy, but at 49° C. already it becomes soft, and can be shaped. 
ToNvards solvents it behaves like gutta-percha. 

It is used chiefly in England as a substitute for gutta-percha and 
caoutchouc, and is also used as an addition to these. Towards chloride of 
sulphur and metallic sulphides it acts like caoutchouc and gutta-percha. 

5. Natural Varnishes. — This term is applied to a class of natural 
products which are resinous exudations, capable of direct use as varnishes 
or lacquers. The most imix)rtant are : 

(1) Burmese lacquer , a thick, grayish terebinthinous liquid, collected 
from the Melanorrhcea usiiatissima of Burmah. It dissolves in alcohol, 
turpentine oil, and benzene, assuming greater fluidity. Locally, it is used in 
enormous quantities in lacquering furniture, temples, idols, and varnishing 
vessels for holding liquids. 

(2) (Hngalene and Indian lacquer y a black varnish obtained in Ceylon 
and India from Semicarpus anarcardiumy and in Madras, Bombay, and 
Bengal, from HoUgarua longifolia. It forms an excellent varnish, adhering 
strongly to wo<xl and metal. 

(3) Japanese and Chinese lacquer is derived from several species of Rhm^ 
whose fruits form the Jai)an wax of commerce. (See p. 51.) It is purified 
by defecation and straining, and mixed with coloring matter, if neeoed. It 
is most extensively used in Jai)anese and Chinese lacquer-work. 

n. Processes of Treatment. 

1. Manufacturk of Perfumes and Similar Products. — In the 
use of essential oils or mixtures of them, as the basis of agreeable smelling 
preparations or j)erfumes, several classes of preparations may be distin- 
guished : (1) Perfumed waters or al(^)holic solutions of mixed essential 
oils ; (2) odoriferous extracts or alcoholic extracts from fatty oils charged 
with odors by " enfleurage" or maciTation ; and (3) ix)madcs and per- 
fumed soaps. In the manufacture of the first class of pre|)iirati(ms, the 
alcohol to be usetl must lx» free from fusel-oil and thoroughly deodorized. 

' f ffff^njaftl oils may be in part dissolved sejKirately in the alcohol or 
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added together to the proper quantity of the solvent according to the nature 
of the materials. Long-continued standing of the alcoholic solutions is now 
considered sufficient to effect a thorough amalgamation and development of 
the desired perfume, and distillation is dispensed with. As examples of such 
perfumes we have the well-known cologne waters and eau de mille Jleurs. 

The odoriferous extracts are gotten by treating with alcohol the fatiy 
oils and fitts which have been charged with the perfumes of flowers by the 
" ehfleurage" process. Glycerine, soft paraffine, and vaseline have latterly 
been used too in the extraction of the odors. On chilling the alcohol by 
freezing mixtures or other means to 18° C, the fat is separated out and 
gotten rid of. 

Pomades are made from fatty oils, the basis usually being oil of almonds, 
oil of ben, or olive oil. The processes for preparing these scented fats are 
those of infusion with warm fatty oils or melted fats at a temperature of 
about 65° C, and of " enfleurage," or cold perfuming, as already described. 
The analogous class of compounds, perfumed soaps, have been spoken of 
under another heading. (See p. 76.) 

2. Manufacture op Varnishes. — ^Very much more important, in 
an industrial sense, is this application of essential oils and resins. Under 
the name varnish is generally understood either a solution of a resin or a 
rapidly resinifying oil, which, when applied to solid bodies, becomes dry 
and hard, either by evaporation of the solvent or a drying and oxidation of 
the same, while the film of resin left behind makes a hard, glossy coating, 
impervious to air and moisture. Varnishes may be of three classes, ac- 
cording to the character of the solvent used for the resin : (1) Linseed-oil 
varnishes, in which boiled linseed oil is usal ; (2) spirit varnishes, in which 
alcohol or petroleum spirit is used ; (3) turpentine-oil varnishes. 

Linseed-oil Varnishes, — Linseed oil itself, as a drying oil (see p. 49), is 
capable of forming a varnish without the addition of a resin. For the 
preparation of varnish, the oil must first be boiled. When heated to 
130° C. it b^ins to boil, but the heat is continued until it shows about 
260° C. (500° F.), which temperature should not be much exceeded. It 
absorbs oxygen in this process and becomes thick and glutinous. The ab- 
sorption of oxygen and the thickening of the oil are much accelerated by 
the use of driers like litharge, manganese dioxide, lead acetate, manganese 
borate, etc. (See p. 74.) Boiling linseed oil over free fire, as it is generally 
carried on, is illustrated in Fig. f34. Care should be taken that the kettle 
is not filled so full as to allow it to boil over when strongly heated. The 
lid e, ordinarily raised, can be lowered upon it if the escaping decomposi- 
tion products catch fire. 

In Fig. 35 is shown a pair of kettles arranged for boiling the linseed 
oil by steam. Pressures of four and a half to five atmospheres are used for 
the steam in this case, and a temperature of 132° C. (269.6° F.) yielding a 
perfectly clear, light-colored varnish. When boiled so as to have lost one- 
twelfth of its weight it yields the ordinary boiled oil varnish ; if heated 
until it loses one-sixth of its weight it becomes thicker and yields a atiif 
varnish, which is used as the basis of printer's ink, (See p. 104.) The 
J^Jecific gravity of boiled linseed oil of good quality varies from .940 to 
•950, and on ignition it leaves a mineral residue of from .2 to .4 per cent. 
Experiment has taught that oxidation proceeds the more rapidly when it is 
pushed rapidly ; or, in other words, in order to change linseed oil into var- 
nish by atmospheric exposure, it must be bix)ught to boiling as rapidly as 



102 INDUSTRY OF THE ESSENTIAL OILS AND RESINS. 

possible. What takes plare in this case is not an evaporation simply, t 
B decomposition of the linolein (glyceride of linoleic acid) takes pla 
whereby glyoerine separates, and a imrtion of the linoleic acid changes ii 
linoleic anhydride, Cj,Hj,Oj„ an elastic and caoutchouo-like mass (see 
111\ which then dissolves in the undecompoaed linseed oil and gives the ( 
its valuable vamish-forming and drying character. Another part of t 




■id, liberated by the boiling, absorbs oxygen and changes ii 
O^linuleio mad, C„H^Oj, which at first is of tnq)entine-like charact 
'1 undeoomnirit'd ghxieride of linoleic acid ilriM up to elastic linox] 
,. A gooii \'araish, therefore, is made up of three factors : (1) Lii 
ilride, (2) oxylinoleic acid, and (3) liiiox^'n. 
Hyiewa of Mulder as to the changes which occur in the boiliog; 
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Unseed oil are controverted by Bauer and Haziira,* wlio consider tliat the 
lujuid fetty acids of linseed oil consist of eighty per cent, of Hnolenie and 
isolinuletiic acida (CisH„Oj), together with nearly twenty per wnt. of linoleic 
sdd (CaH^Oj, and small quantities of oleic acid (C^H^O,). They oou- 



■^^ 



mun' linnlt.'ni'.' ariil an oil contains, tho more qnickly it dries. 

The pure linseed-oil varnish so prepared may then serve for the prepa- 
ration of what are termed lacquers or solutions of resins in Itnsoed-oil var- 
nish, thinned out ordinarily with turpentine oil or.benzine. Of the resins, 
uuW, oopal, anim6, dammar, and asphalt are used for these lat^uers. In 
onler to prepare these varnishes, the resins, amber, copal, etc., are fused in a 
krttW placed over a coal-fire in such a way that it ainks into the fire-charaljer 
liiit D slight distance, and the flame can touch the bottom of the kettle only. 
•*fW the reain liaa fnswl, the proper amount of boiling linsecd-oil varnish is 
*Wed, rare being taken that the mixture does not fill the kettle to more than 
two-thirds at the most, and the contents then boiled for ten minutes. WTien 
we kettle has cooled down to about 140° C, the necessary amount of tur- 
pentine oil is added. 

In the case of the P'Q- S'i. 

sins, amber and S _k 

Bometbing more H T ^^^ K 

a fusion is e^sen- *4, — t'^l.sC^ — : — ,-^ . . 7 

lI. They are sub- 
mitt«-d to a dry distil- 
lation, and only allcr 
thty have given i)tf 
from ten to twenty |)cr 
cenL of their weight in 
oily distillation pnxl- 
ucts does the residue 
become perfectly solu- 
ble. A form of still in 
which this distillation of resins is carried out is shown in Fig, 36. The cop- 
per still B, which is heated in this case over the direct fire, is provided with 

* Zeit. fiir Angow. Chem., 1888, pp. 455-458. 
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mechanical agitation, R, and a tube, A, for drawing off the melted residue. 
This tube is covered where it projects through the fire by fire-brick to 
protect it from the flame. The distillation products escape through D and 
are condensed by the worm A''. The drj' distillation of copal proceeds best 
at a temperature of 340° to 360° C, while that of amber requires 380° to 
400° C. If heated higher than these temperatures the resins become dark. 
As tlie melting-point of lead is 334° C, a lead bath is recommended for 
the copal distillation. 

These lacquers are the hardest and most durable of varnishes, but they 
dry more slowly than simple linseed-oil varnish. 

Spirit varnishes are solutions of resins, such as sandarach, mastic, dammar, 
gum-lac, and sliellac, in alcohol, although this is sometimes replaced by 
other solvents, such as methyl alcohol, acetone, and petroleum spirit. The 
spirit varnishes drj' rapidly, leaving a brilliant surface, but are more apt to 
crack and peel off than turpentine varnishes. Turpentine is often added to 
these varnishes to diminish this brittleness. Amon^ the most important 
^'amishes of this class are shellac varnish, of which the finest grade is pre- 
jMtred from bleai'hed shellac dissolved in alcohol, and copal varnish. In 
the pre[)aration of this latter, the copal must be first fused, or rather sub- 
mitted to dry distillation in the manner already described. (See p. 103.) 
The fused ci>|ial residue is afterwards powdered, mixed with sand and 
covered with strong aKx>hoI, heated to boiling for some time and then filtered. 
The addition of elemi resin imparts a toughness to the copal varnish. 

Colored spirit varnishes are made by the addition of alcoholic extracte 
of annatto, dragon's blood, gamboge, turmeric, cochineal, or even solutions 
of the ditten»nt ix^l-tar ci>lors. 

Turjhrntine^ii Varni^es, — These are prepared in the same wav as the 

?Mrit Mmiishes. They dry more slowly, but are more flexible and durable, 
he nii^t ini|H>rtant are i\>|^l >-amish and dammar varnish. Turpentine 
and linsiHxl oil an^ fretiuently used jointly in the preparation of varnishes. 
ei> as to obtain the U^t results. Thus, in the manufacture of copal and 
amlx^r \"arnislu^, descTilxxl Ix^fore (see p. 103), the relative amounts of ma- 
terials an* : Ten |xirts of i\>|xil or amlier (or the residue from the distil- 
lation of amlxT oil\ twenty to thirty parts cf linseed-oil varnish, and 
twenty-five to thirty j«ns of oil of turpentine. 

3. MAMFAiTrRE i>F PrinterV Ink. — Printer's ink, of whatevei 
grade, whether for newsj^ijxT print, lor Ux>k, lithi^raphie, or copperplate 
printinsr, is^ a verA* stiff, nipidly-<lr}iiur linseed-<.nl varnish, to which has been 
a^ldeil lam[>-blaok or ohanxxil in the fint^t state of division. For its prepara- 
tion, linsiXHl, ix>ppy , or nut oil is lu^toil in ivpper vessels, over a free fire to a 
tem|x*niturt* Ix\voik1 the lx>iling-jx^int, so that inflammable vapors are given 
'^r. Thes^* an* lV\\]uontly ignitcil, or, as is now preferred, they may be 
mtd to es^tijx* into a draujrht ohimney. The heating is continued until 
oO beix>nu*s quite thick ami a film tonus on the surfiice, which causes it 
>ire!l up with es^'apimr Imbbles of vapi^r. A sample taken out and tested 
:mvi?fi the fiiisrers sfuMild draw out in long filaments. In this condition, 
th the advlition of aUnit sixttvn jxt ivnt. of lamp-black, the varnish will 
jy vwry easily ami rapidly. If thv varnish has m^ been boiled lone 
•ttough, the printeil \4»araours will mn i^^-ther and oil will be abeorbed 
^ tw p*p<^ fibi\\ s^^ that the printtxl lette^^ will show a yellowish 

^ iak li> be tt:s^\l in Kx^k-priniiro:, an aiiditioD of soap is absolutely 
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necessary ; it allows the inked type to be withdrawn from the moist paper 

clear and sharp without any adhering or smearing. The finer the printed 

work required the stifFer and more thoroughly boiled the varnish must be, 

so that lor copperplate and lithographic inks a much stifier ink is needed 

than that which is used for newspaper or even book printing. The ex- 

??nsive linseed oil is frequently replaced by hemp-seed, poppy, or nut oil. 
n order to obviate the necessity of boiling the oil down so tiiick, rosin is 
sometimes added to the varnish. Thus, to one hundred and twenty parts of 
linseed oil forty to fifty parts of rosin are added and twelve to fourteen parts 
of :!oap. Rosin oil is also used in place of a part of the linseed oil ; indeed, 
cheap printing ink can be made composed of rosin oil, rosin, soap, and 
lamp-black alone, without the addition of linseed oil at all. 

Colored printing inks are obtained by adding to the boiled-oil varnish 
vermilion, Prussian blue, indigo, and other colors. 

4. Manufacture of Oilh:loth, Linoleum, etc. — In the manufac- 
ture of oil-cloths, the basis is a coarse canvas, of iute or cotton stuff usually, 
which is coated with repeated layers of linseed oil, which has been pre- 
viously boiled sufficiently with litharge, and to which the coloring matter 
has been added, or, in other words, a linseed-oil paint. Before putting on 
the coatings of paint, the canvas is primed with a coating of size. The 
object of this is not only to give a body to the cloth, but also to protect the 
fibre from the injurious action of the acid products generated during the 
oxidation of the linseed oil which is subsequently applied. Cloth which is 
covered with paint without a protective coating of size soon becomes rotten 
and brittle, both sides of the canvas are painted in this way. After thor- 
ough drying of this layer a second coat is applied to both sides. This 
suffices for the back of the oil-cloth. The painting of the face side is coq- 
tinued until it is sufficiently built up for the printing of the pattern. Most 
of the printing is hand-printing done by blocks, the number of which cor- 
respond to the number of colors to be used. 

Linoleum is a name often given to a form of oil-cloth in which 
powdered cork and pigment are incorporated with a thoroughly oxidized 
linseed oil. A pattern may then be printed on and a transparent varnish 
to cover all. 

The oxidized oil used in linoleum manufacture has sometimes both 
roam and kauri gum added to it to give it toughness. The proportions 
for ordinary linoleum are : Oxidized oil, eight and one-half hundredweight ; 
rosin, one hundredweight; kauri gum, one-half hundredweight. A variety 
of linoleum containing wood fibre instead of ground cork has of late years 
been introduced as a substitute for wall-papering under the name of 
"lincrusta." 

5. Pbocessbs of Treatment of Caoutchouc and Gutta-percha. 
"*The crude nibber as brought into commerce is quite impure from acci- 
wntal causes, and, in many cases, from intentional adulteration. It, there- 
fore, must undergo a thorough mechanical cleaning before being submitted 
to any chemical treatment. It is first boiled with water (to which a little 
slaked lime is advantageously added) until thoroughly softened, then cut 
wto slices and passed repeatedly between grooved rollers, known as washing 
JoUere, while a stream of cold water flows over it. This crushes and carries 
away any solid impurities as well as those which are soluble. Under this 
treatment Para rubber loses from twelve to fifteen per cent, of its weight ; 
the African variety, twenty-five to thirty-three per cent After this wash- 
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ing, the rubber is carefully and thoroughly dried. N^lect of this frequent! 
causes the wares when subsequently vulcanized to appear spongy. Th 
caoutchouc is now to be work«i over and agglomerated thoroughly, whici 
is done either by passing it repeatedly between rollers heated to 70^ or 80 
C.y or by the aid of the so-called masticating or kneadine machine, whiel 
consists of a hollow cylinder within which revolves another cylinder witl 
a fluted or corrugated surface. The rubber being placed in the annula: 
space between the two cylinders, the inner one is made to revolve, wherebi 
the mass is worked over and over and thoroughly kneaded. .The rubber i: 
now to be mixed with the sulphur needed for its vulcanization and witl 
whatever coloring or weighting materials are to be used. This mixing h 
effected by the aid of horizontal rollers heated internally with steam, and s< 
geared as to move in contrary directions at unequal speed. This mixeci 
rubber so obtained can readily be softened by heat, and can now be shajxni 
moulded, or rolled into any desired shape, and then submitted to the heal 
necessary for vulcanization. 

The vulcanization of rubber consists in effecting a combination of th< 
caoutchouc with sulphur or sulphides whereby the behavior of the caout- 
chouc towards heat and to^\'ards solvents is changed. Its value for tech- 
nical purposes is greatly increased by this change. 

Two methods of vulcanization are to be noted : (1) the vulcanizing 
by mixing with sulphur or metallic sulphides and heating to 125° to 140^ 
C. ; (2) the cold vulcanization process of Alexander Parkes, consisting of 
immersing the rubber articles in a solution of chloride of sulphur in carbor 
disulphide or benzene. The latter process is only used for small articles oi 
those consisting of thin layers of caoutchouc, as the action of the chlorid( 
of sulphur, even in the two and one-half per cent, solution usually em- 

5 loved, is ver}' rapid, while at the same time it is superficial, so that it i: 
ifficult to control the action properly. In \nilcanizing by the first process 
that of *^ burning," as it is termed, the crude caoutchouc is mixwl witl 
varying amounts of sulphur ; for soft rubber goods with about ten per cent, 
for hanl rubber or vulcanite with thirty to thirty-five per cent, of sulphur 
Instead of sulphur, metallic sulphides are used, such as alkaline sulphides 
sulphide of lead, and sulphide of antimony. For red rubber goods tin 
latter is always used. For soft rubber articles the proper temperature fo 
vulcaniziition lies between 120° and 136° C; for hanl rubber, from 140' 
to 142° C In vulcanizing, only a \yart of the sulj>hur is chemically com 
bined, a i>art remaining mechanically mixed. This can be largely removes 
by boiling the finisheil articles in a siilution of caustic soda. Both air-bath 
and steam-baths are in use for lusting, the latter at present in the majorit; 
of cases. A form of vulcanizing vesv^»l for smaller articles is shown ii 
Fig. 37. The lid win be removeil by the mechanism shown at a, and th 
manometer m shows the pressure existing in the vulcanizer A, This fina 
heating which effei»ts the change in the rubber is frequently called th 
** curing" of the rubber. Vulcanizeil rubber goods can be manufactured ii 
the greatest variety of sha|K\s and for a multitude of uses, the rubber bein| 
in almost all cases " cureiV' after the shaping. 

In the manufacture of hanl-ruhber articles, the East Indian, and spe 

eially the Java and Borneo, caoutchouc is usiH.!, the Para rubber being to 

expensive, and besides not so well adapted, ^\^lile in the manufactur 

of soft rubber, the burning or curing was the last process, following th( 

tipiog of the articles, in the manufacture of the hard rubber the curing is 
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t-ally done before the artitles are finally sliai)ed. Only in the manufhe- 
r>f moulded gotxls h the curing done last. Gutta-percha, balata, and 
colophony resin are often added to mcxlify the hardness and elasticity, while 
> large number of mineral substances, suth a.s chalk, gj-mum, t-alcined mag- 
neaa, zinc oxide, asphalt, etc., are added chiefly tor cheapening purposes. 




A bind of \Tilatnite or hard rubber whieli contains a very large proportion 

of vpnuilion is used, under the name of dental rubber, for making artificial 

gUDlS. 

The working over of scrap rubber has in recent years assumed much 
imuurtanee. Although scraps of raw caoutchouc can easily be kneaded or 
rolled togetlier, vultsnized rubber cannot be. The insolubility of the vul- 
oniiwl rubber in ordinary solvents presents another difficulty. Although 
w problem is ttot yet solved, numerous proposals have lx*n made. These 
sil involve one of three lines of treatment : (!) mechanical subdivision of 
•tic wrap and the adding of the jiowder so obtained to fi-esh caoutchouc ; 
(2) heatmg the vukanized scrap to fusion and use of the pitchy 
"Milned as mixing material ; (3) partial dcsulphurization of trie caoutchoi 
wiution in suitable solvents, driving off the solvent, and use of the residui 
« "iKained. 

TrfiUmrnt of Gutla-pa-rlm. — This is quite similar to tliat described 
"nder caoutchouc. The crude gutta-percha must be thoroughly washed 
^ freed from dirt and mechanicallv mixed impurities. It is then cut or 
■ tiipji into fine shreds, which arc, after washing, heated .so as to ball them 
'"BWhor. It is now kneaded and compacted so as to drive out the air- 
buiibles. 

Gntta-percha is used both in the vulcanized and unvulcanized condition, 
ilie vulcanization is carried out, as in the ca.sc of caoutchouc, by the addi- 
tion of sLilpbur and curing. The amount of sulphur varies from six t< 
bn per cent,, and the temperature for vidcauization lies between 135° and 
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1 50° C. The gutta-percha scraps are worked up generally by desulphurizing 
the vulcanized material by boiling for five to six hours in a six to eight 
\yev cent, solution of caustic soda, washing, drying, dissolving in carbon 
disulphide, benzene, or turpentine, and then distilling off the solvent. 



m. Products. 

1. Perfumes. — The general character of the several classes of perfumes 
has already been indicated in the previous section, while the products are 
so extremely numerous and special in character that any attempt at detailed 
description would be beyond the province of this work. 

2. Varnishes. — We have to note here both the natural varnishes, 
already referi'ed to (see j). 100), and manufactured varnishes. The classi- 
fication of manufacture varnishes, already given, was : (1 ) Linseed-oil 
varnishes, including both plain boiled linseed-oil varnish and solutions of 
resins in the boiled oil, or lacquers, as they are often called ; (2) spirit 
varnishes, including not only alcoholic solutions of resins, but solutions 
of the latter in benzol, petroleum spirit, wood-naphtha, and other volatile 
liquids, and (3) turpentine-oil varnishes. 

Natural Varnishes, — With regard to the Burmese and Indian lacquers, 
little is known except as to their production as crude materials. The 
Japanese lacquer has been more fully described, and the methods of ap- 
plying it attentively followed. As the varnish flows from the incisions 
in the trees of the Rhus species it is a milky juice, which, on exposure, 
quickly darkens and blackens in color. After resting in tubs for some 
time the juice becomes thick and viscous, the thicker portions settle at the 
bottom of the veSvSel, and from it the thinner top stratum is separated by 
decanting. Both qualities are strained to free tnem from impurities, and 
when ready for use they have a rich brown-black color, which, however, 
in thin layers presents a yellow, transparent aspect. This varnish, when 
applied to any object, becomes exceedingly hard and unalterable, and with 
it as a basis all the colored lacquers of Japan are prepared. The black 
variety of the lacquer is prepared by stirring the crude varnish for a day 
or two in the open air, by which it becomes a deep brownish-black. 
Towards the completion of the process, a quantity of highly ferruginous 
water, or of an infusion of gall-nuts darkened with iron, is mixed with the 
varnish, and the stirring and exposure are continued till the added water 
has entirely evaporated, leaving a rich jet-black varnish of proper consistency. 
In preparing the fine qualities of Japanese lacquer, the material receives 
numerous coats, and between each coating the surface is carefully ground 
and smoothed. The final coating is highly polished by rubbing, and the 
manner in which such lacquered work is finished and ornamented presents 
endless variations. The durability of Japanese lacquer-work is such that 
it can be used for vessels to contain hot tea and other food, and it is even 
unaffected by highly-heated spirituous liquors. 

Linseed-oil Vaniishes. — The nietho<l of burning linseed or similar drj'in^ 
oil in order to develop its varnish-forming character has been described 
(see p. 102). The use of metallic oxides and salts as driers has also 
been referred to. In this connection an additional word may be had. While 
litharge and lead acetate are commonly used, they must be replaced by 

iganese or other driers when the boiled oil is to be used as the basis of zinc 
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oxide piuDt Lately, manganous borate has been strongly recommended as 
a drier, and it is asserted that it is capable of giving rapid drying qualities to 
linseed oil when it is heated a sufficient length of time (fix)m ten to fourteen 
days) at a temperature of only 40° C. Such a boiled oil would, of course, be 
lighter in color than if treated at a higher temperature. Liquid driers are 
also in use at present which have the advantage of acting gradually upon 
the linseed oil without the aid of heat, so that a boiled oil of very light 
color is obtainable. These driers contain manganese and lead linoleates 
and resinates, and concentrated solutions in oil or turpentine are prepared 
for addition to the oil to be oxidized. Boiled oil is often bleached by sun- 
light, and always improves by keeping, as impurities gradually settle out, 
and its drying qualities develop by age. 

The most important of the linseed-oil resin varnishes are : Amber var- 
nish, the most durable and resisting oil varnish, but unfortunately of dark 
color ; copal varnish, the finest of all the oil varnishes, nearly as hard and 
durable as amber varnish, much paler in color, and drying more quickly ; 
and kauri resin and colophony resin for inferior varnishes. The best oil 
varnishes are made from " fused" copal or amber, with boiled linseed oil, 
subsequently thinned out with oil of turpentine. 

Spirit varnishes are easily obtained perfectly clear ; they dry very 
rapidly, and leave smooth, lustrous films, which appear at first unexcep- 
tionable. But slight vibrations and changes of temperature soon develop 
innumerable small cracks, in consequence of which it loses its lustre, and 
if the varnish layer was thick it begins to peel off. The reason of this is 
that the film consisted simply of unaltered resin, spread in a thin layer, 
and as most of the resins are brittle by nature, slight shocks or changes 
of temperature, inducing contraction or expansion oi the article varnished, 
will cause the resin film to break. What is true of alcoholic varnishes 
applies, of course, also to all varnishes where the solvent of the resin takes 
no part in the formation of the film. The more volatile the solvent the 
quicker the film is deposited and the easier it cracks. Two methods of 
obviating this difficulty are in use : first, to mix with the brittle resin a soft, 
Waam-like resin, and, second, to mix spirit varnish with one prepared with 
turpentine oil. 

Turpentine varnishes are seldom used exclusively as such because of the 
strong and persistent turpentine odor. When used alone they give films 
^ perfect as those gotten by the use of spirit varnishes, but tougher and 
Aying more slowly than these latter. IJsually, however, turpentine oil 
>8 used in connection with boiled linseed or other drying oil in varnish 
n^u&cture, as in the case given of copal varnish, before described (see 
P- 104). The resins used for turpentine-oil varnishes are the varieties of 
^pal, amber, sandarach, dammar, mastic, and coniferous resins. 

Japans are simply varnishes that yield, on drying, very hard, brilliant 
stings upon paper, wood, or metal, analogous to the natural lacquer of 
Japan, beiore described. The effecting of this result is gotten in general 
"y exposing the articles to high temperatures in stoves or hot chambers 
^bsequent to the application of the varnish. This supplementary heating 
process is called "japanning." It is done with clear, transparent varnishes, 
•n black and in colors, but black japan is the most characteristic and com- 
mon style of work. Black japan varnish contains asphaltum as the basis, 
^d when applied in several layers, each of which is separately dried in the 
stove at a heat rising to 300° F. (149° C), is susceptible of a high polish. 
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Ja[)anning may be regarded as a process intermediate between ordinary 
painting and enamelling. It is very extensively applied in the finishing of 
ordinar}' hardware goods and domestic iron-work, deed-boxes, clock-dials, 
and papier-mAch^ articles. The process is also applied to blocks of slate 
for making imitation of black and other marbles for chinmey-pieces, etc, 
and a modified form of japanning is employed for prepared enamel, japan, 
or patent leather. 

3. Printing Inks. — The character of printing inks has been suffi- 
ciently indicated in the description of its manufacture. (See p. 104.) 

4. Miscellaneous Products from Resins and Essential Oils. 
— (1) Sealing-wdx is a valuable product of manufacture from shellac. 
Venice turpentine is always added to the shellac to make it more fusible 
and less brittle, and some mineral coloring matter, which, in the case of 
the common red variety, is always vermilion. For black sealing-wax the 
best ivorj'-black is used, for golden-colored wax, " mosaic gold" (stannic sul- 
phide), for green wax, powdered verdigris. For the commoner varieties, 
earthy materials, like chalk, magnesia, burnt plaster, barytes, or infusorial 
earth, are added for the double purpose of making it less fusible and to 
weight it. Perfumed sealing-waxes are scented with benzoin, Peru and 
Tolu balsams, and storax. As a substitute for, or adulterant of, shellac 
in the manufacture of sealing-wax, gum acaroides has recently come into 
use. 

^2) Ro»in Oil. — In recent years great importance has attached to the 
products of the dr\' distillation of common colophony resin or " rosin." It 
yields, on distillation, tsvo valuable products : first, from three to seven per 
cent, of a light fraction known as rosin spirit, or " pinoline," and, second, 
from seventy to eighty-five per cent, of rosin oil, a violet-blue fluorescing 
liquid, varying in specific gravity from .98 to 1.1. The pinoline is used as 
an illuminant and as a substitute for turpentine oil in varnish manufacture. 
The rosin oil has a large use as a lubricant, especially for machiner\' and 
wagon-wheels. It is used in the condition of " rosin grease" (made by 
stirring rosin oil with milk of lime), and largely as a substitute for linseed oil 
in the manufacture of printer's ink. (See p. 104.) Moreover, as it can be 
deprived of its fluorescence or ** bloom" in various ways (exposure to sun- 
light, treatment with hydrogen i)eroxide, nitro-benzene, dinitro-naphtha- 
lene, etc.), it can be ustxl in adulterating olive, rai)e, and sperm oils. The 
best mineral lubricating oils are also adulterated with it at times. 

(3) Oil-cloth and Linoleum, — The general outlines of the manufacture 
of tnese prcxlucts as given on page 105, allow one to form an idea of the 
character of tliem. 

Oil-cloth is a firm but flexible fabric, which by its treatment has been 
made water-j>roof and impervious to atmospheric influences. It can be 
washed and cleansKl, and, under ordinary wear, retains for a considerable 
time its lustre and brilliancy of printed pattern. It is, however, cold and 
hard, and, unless well seasoned, the pattern is liable to wear off*. The 
cjovering film will not stand much Ix^nding without cracking, and then it 
rapidly disintegrates. 

Jjinoleuni is softer and more elastic to the feet, and, if the composition 
has been proj)erly made, shows great elasticity and toughness, so that its 
wearing j)owers are notably greater tlian those of oil-cloth. In laying down 
linoleum, the edges may be cemented to the floor by using a thick solution 
of shellac in methylated spirit. 



PRODUCTS. Ill 

(4) Lmseed-^ Caoutchouc, — For the preparation of this substitute for 
aioutchouCy linseed oil is heated to a high temperature for a considerable 
time until it becomes dark and has changed into a tough mass. It is stated 
that when vulcanized by the acid of sulphur chloride it can be used as a 
substitute or adulterant of genuine caoutchouc. 

5. IXDIA-RUBBER AND GUTTA-PERCHA PRODUCTS. — In noting the 

properties of crude caoutchouc it was stated that the raw caoutchouc, while 
elastic at ordinary temperatures, did not show the same character when 
drilled, as it became hard, and when heated it lost the elastic feature en- 
tirely. On the other hand, vulcanized caoutchouc or manufactured rubber 
shows no change in its elasticity, even within very wide limits of tempera- 
ture. Freshly-cut surfaces, on being pressed together, will not adhere as 
was the case with raw caoutchouc ; it swells up only slightly in bisulphide 
of carbon, oil of turpentine, and other solvents, while the raw caoutchouc 
swells up greatly and even dissolves in part. The vulcanized rubber is 
much more impervious to water than the raw material. As stated before, 
not all of the sulphur present in the vulcanized rubber is chemically com- 
bined. A large excess of uncombined sulphur is, however, deleterious to 
the goods, as it causes them to lose their elasticity when they are stored for 
a few years. If such goods are treated with alkaline solutions, the free 
sulphur can be removed without impairing the elastic character of the vul- 
canized caoutchouc. Hard rubber, prepared, as described before, from 
crude caoutchouc, with a larger percentage of sulphur, has a black color 
and takes a high d^ree of polish. Articles of this material can also be 
gotten of any desired color, as in the case of the dental rubber previously 
referred to. Besins, like shellac, are often added to give elasticity to the 
hard rubber, tne amount of resin capable of being taken up being consider- 
able, equalling at times fifty per cent, of the combinea weight of the 
caoutchouc and sulphur. Hard rubber becomes strongly electrified by rub- 
bmg, and hence is used in various plate electrical machines, while its non- 
conducting qualities make it valuable for insulators in various forms of tele- 
graphic apparatus. Hard rubber is unacted upon by strong mineral acids 
»na other chemicals, and hence is used for acid-pumps and connections, for 
spatulas, photographic dishes, etc. 

Rubber substiiuiey or so-called "artificial rubber," is made by acting 
npon linseed, rape, poppy, hemp, and cotton-seed oils with sulphur chloride, 
tod renaoving the hydrogen chloride formed by after-treatment with milk 
of lime. The result is a tough rubber-like mass, which, however, becomes 
more or less brittle on keeping. 

It is asserted that a better product is obtained by using oxidized or 
"blown'' oils for the treatment with the sulphur chloride. The acid 
"sludge" from the refining of petroleum is also converted into a rubber 
. sabetitote by heating and removal of the free acid. 

GvHor'perchay in the pnre as well as the vulcanized condition, has been 
adapted to a multitude of uses. One of the most important uses of gutta- 
percha is as a material for the matrices or moulds for coins, medals, smaller 
*rt castings, etc., and all forms of galvano-plastic work. The pure gutta- 
percha serves very well to take imprints, but for overlaying matrices or 
moulds compositions of gutta-percha and caoutchouc must be used, to unite 
plasticihr when heated with sufficient elasticity to allow of the matrix being 
removed without injury to the impression. The chief use for gutta-percha^ 
however, is for tel^raphic cable insulation (every nautical mile of cable re- 
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ipiiring alxnit one-half of a ton of guita-percha), and the chief purchaser 
and worker in gutta-jwrcha, therefore, is the " Telegraph Construction and 
Maintenam»e Company," of London, who buy up the crude gutta-i)ercha 
through their agt»nts in Singapore. The gutta-percha is covered u]Mjn the 
winv by prt^ssing. The i>artly vulcanized and wann gutta-percha mass is 
forttnl out of a jMJwerful press along with and around the wire or wires to 
Ih* coveixHl. The gutta-percha must have previously been well kneaded to 
riMuove the air thoroughly from it, so that it may pack uniformly. 

(fUtta-jK*rcha is also inc»orjK)rated with powdered wood and sawdust, 
making a coniiK)sition which is verj' hard and can he worked by means of 
the saw and turning-lathe into a variety of shapes. 



IV. Analytical Tests and Methods. 

1. For Kssential Oii>5, — Essential oils are extremely liable to adul- 
teration, the high priiv of many of the finer ones lending to this tendencj*. 
The usual adulterations an* with alcohol, chloroform, oil of turpentine, fixed 
oils, U>th vtyi^ablo and mineral, and s|H»nnaceti, and by mixing the cheaper 
essi»ntial oils with the mon* ex|K'nsive. In additiim to the above intentional 
adulterants, volatile i>ils an* apt t(^ iinitain water and resinous and other 
oxygiMiattxl Ixnlits, |>nxhu»tHl by their exjHisure to air. 

The detiH'tion of tUtty oils, n*sins, or s|x*rmac^ti can often be effected by 
simj^ly placing a dn^p of a susj^ected oil ujxmi a piece of white paper and 
oxi^^ing it for a short time Xo lu^t. If the oil is pure it will entirely 
ovaiHu-ato ; but if i»ne of thesi* adulterants l>e pn^sent, a gi-easy or translu- 
cent stain will Ix* lolt im the ivijxt. These sul>stances will also n^niain 
undissolvixl when the oil is agitate^i with thriw its volume of rectified 
spirit. 

AK>>liol in tSs'ii^ntial oils may Ix* drtei^teil by agitating the oil with small 
jMiHX^ of dry c-aloium ihloride. Tlu^* nniain unaltenxl in a pure essential 
oil, but dissi^lvo in one t\>nt:iining aU>^hoK and the n-sulting S4ilution sejia- 
nut^. forming a distinct stratum at the K»ttom of the vessel. When only a 
very little aU\^hol is nn^M-nt, the piiws mon'ly change their form and exhibit 
the av tivMi of the s^Mvmt on tlu ir anirli> or iJgcs, which Kxvme more or 
K>s< obtus*^ or nnnulixl. If the exjvnment Ix^ jxTformed in a graduated 
tulx^ and a known nuasun^ of the ou employ i\l. the diminution in its vol- 
ume will srive tluit of the aKvlu'l mixv^il with it. Prairendorii* recommends 
the us** of metallic s^xliuin, wlrioli o.v<< not act on hvdnx-arlx^ns, and but 
digfatly in the ^\»M on o\yg\nati\l iss<n:ial oils if pure and dry, but in the 
MMiMHHV of ten v^r ewu live jvr ivnt. i:'al«.\*hol a small piece of the sodium 
i| di«^*lvixK wb.ile a bri>k tv, l/.tivu i-:* cas taki-s plaiv. Aniline-red (ma- 
mti^ is insi^luMo in i-v<<n!i:U oils i: pr.n and dry. but in the presence of 
snwll prvnvniv^n o:' aK\:v 1 ::uv ;UA:::in a pink or nxl ct^lor. This adul- 
oraiion with au>^:;.^. is xv\i : ■ Iv vi.:y o :::"'.•. •:!. as it is a tnxpient practice 
of dnsjnrists to add a '.i::\ ^ : :'::i s:r. ro-s: Twtir.tJ spirit to their t»ssential 
oils to nnder tV.i:;^. :r:r.>;v.rv r.:. ;^:yv •..'.'. v !:: o.-M wt-ather. Oil of cassia 

* *« *« • «... 

IS a noiab.o t\a:v.j\i xT ;ir. ^ . ::\.::i\: .:*. :...> w?.y. 

Th^^ jhlulti r:i::v :! . :' is>. •.:..* . s ^\ ::. ta-.o oils is lx>?t distinguished hr 

^11 is lomuxl "suar.: .*!>:".;.: :..*' Y..-. ■ss-iKial oils all distil over i^nth 

t liH)"* i\, wh'li r\> •/ .:> •/;.::•. :> ;r.'..i r.\r\i i.i's, addtrl as adidterants, 

^ in the i\-^or;. T.u . .i..'.:-. Vi: . r. . :" :he r»nor i^^^ntial oils with 
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bei^>er essential oils is constantly met with. Thus, the expensive oil of 
Bssia is adulterated with oil of cedarwood ; oil of rose with oil of j?eranium ; 
nd oil of geranium with oil of turpentine. Noting the specific gravity 
arefully where that is characteristic, and noting the odor on evaporating, are 
nethods most generally resorted to for the detection of these fraudulent 
idmixtures. The adulteration of essential oils with oil of turpentine is, 
unfortunately, one of those difficult of detection, and no method of testing 
has as yet been suggested that will always show it. 

The determination of the saponification equivalent has been shown to 
be of importance in such oils as contain esters, like bornyl acetate, etc. 
As some oils contain free alcohols, the determination of the acetyl figure 
is also of importance as a test for purity. Benedikt and Griessner also 
recommend tne determination of the methyl figure in such cases as the 
analysis of oil of cloves, anise, or fennel. 

The essential oils give a variety of color-tests with such reagents as con- 
centrated sulphuric acid, fuming nitric acid, bromine, picric acid, etc., which, 
however, are not sufficiently characteristic to allow of their being used to 
recognize adulterations. The purity of oil of turpentine, as commercially 
the most important of the essential oils, is often a question to be deter- 
mined. The most usual adulterants of oil of turpentine are light petro- 
leom-naphtha, known as " turpentine substitute," " rosin spirit," and of late 
a so-called ^^ light camphor oil," gotten as a side-product in the manu&cture 
of safirol. The following tabular statement of Allen * shows the characters 
of oil of turpentine, rosin spirit, and petroleum-naphtha under the influence 
of different reagents : 





Turpentine oil. 


Rosin spirit 


Petroleum-naphtha. 


L Optical actlTitr . . . 


Active. 


Usually none. 


None. 


t Specific gravity . . 
1 Itmperatare of dis- 


.860 to .872. 


.856 to .880. 


.700 to .740. 


15«Ptol80O. 


Oradual rise. 


Gradual rise. 


tillation, C. <>. 








i Action in the cold 


Readilv dissolves pitch 
to a deep-brown solu- 


Readilv dissolves pitch 
to a deep-brown solu- 


Very slight action, lit- 


OD ooal-tar pitch. 


tle or no color. 




tion. 


tion. 




i BebaTlor with abM>- 


HomogeBeevs m i x- 


Homogeneous m i x- 


No apparent solution. 


faite phenol, 8 of 


ture. 


ture. 




nmple to 1 of phe- 








nol, at 200C. 








i Behavior on ihak- 


Homogeneous m i x- 


Homogeneous m i x- 


Liquid separates into 


ins 8 paxta of cold 


ture. 


ture. 


two layers of nearly 


nmple with 1 part 

CBtoroil. 
7. Bromine absorption, 
i Behavior with sul- 






equal volume. 


208 to 286. 


184 to 203. 


10 to 20. 


Almost completely 
polymerized. 


Polymerized. 


Very little action. 


phoric acid. 







It will be seen that the presence of petroleum spirit can be indicated 
hf almost all of these reagents, while that of rosin spirit would hardly be 
ibown. H. E. Armstrong f recommends a process which consists of agi- 
titiitt the suspected turpentine sample first with sulphuric acid and water 
(2:1), carefully avoiding too high a rise of temperature. This gradually 
poljmerizes the genuine oil of turpentine, changing it to a viscid non- 
volatile oil. The sample is then distilled with steam, and that which is 
volatile at this temperature is now treated with 4 : 1 sulphuric acid and 
Wer. The polymerization of the turpentine is usually completed by thia 

* AUen, Commercial Ore. Anal., 2d ed., ii. p. 489. 
t Joum. See. Chem. Ind., i. p. 480. 
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1 by various resins. The following table gives a summary of their 





KOH neutralixed 


Saponification 


Bromine absorp- 


Hydrobromic 




percent. 


eqnivalenL 


Uon. 


acid formed. 


(refined) .... 


18.1 


808.6 


112.7 


• • • 


« 


28.0 


242.7 


6.2 


• • • 


: (bleached) . . 


18.2 


806.9 


4.6 


• • • 


in 


22.8 


266.0 


38.9 


Some. 


m 


16.1 


847.6 


53.5 


Some. 


1 


9,5 ^ 


586.5 


60.2 


Much. 


>ge 


16.5 


861.1 


71.6 


Much. 




12.4 


460.8 


89.9 


Much. 


(reduced to f by 










ng) 


12.9 


438.4 


84.5 


Much. 


nacb 


16.4 


840.6 


96.4 


Very much. 




12.9 


488.4 


108.2 


... 




21.0 


840.6 


108.5 


... 


lar 


5.2 


1068.1 


117.9 


Much. 




8.8 


1697.9 


122.2 


Very much. 
Much. 


1 


11.7 


478.6 


124.8 



le chief feature attracting attention is the low bromine-absorption 
gotten with shellac. Mills's method could probably be used to ad- 
;e for the analysis of varnishes after evaporating off the volatile solvent, 
rschsohn * has elaborated a systematic scheme for the identification of 
gum-resins^ and balsams analogous to the schemes for plant analysis, 
eh he uses a succession of solvents and reagents. It is too lengthy to 
en heje in detail. The constantly-widening use of rosin oil maKes the 
)r its presence of considerable importance. Rosin oil gives a character- 
iolet color, with anhydrous stannic chloride or bromide. If it is 
with fiitty oils, A. H. Allen points out that the test may still be suc- 
Jy applied by distilling the mixture and applying the test to the first 
n which passes over. 

tmski ana Morawski f recommend the use of acetone for the detection 
>ugh determination of rosin oil in mineral oils. According to these 
$ts, rosin oils are miscible with acetone in all proportions, while 
il oils require several times their volume of acetone to effect solution. 
!8t is applied by agitating fifty cubic centimetres of the sample with 
r-five cubic centimetres of acetone. If, on allowing the mixture to 
it separates into two layers, ten cubic centimetres of the upper or 
ic layer should be removed with a pipette and evaporated, and the 
al oil weighed. In the case of pure American or Galician lubricating 
I residue will weigh about two grammes, but only half this quantity 
i obtained from Wallachian or Caucasian oil. It is stated that mix- 
)f rosin oil with the lubricating oils from American and Galician 
earn are permanently soluble in half their volume of acetone, if the 
rtion of rosin oil exceeds thirty-five per cent, of the mixed oil, but 
>mplete solution is not effected in the case of Wallachian and Caucasian 
iless the rosin oil constitutes at least fifty per cent of the mixture, 
ine cylinder oil requires an addition of rosin oil equal to fifty-three 
Dt. of the mixture to become soluble in half its volume of acetone. 



♦ Watta's Diet, of Chem., viii. p. 1743. 
f Ding. Polytech. Joum., cclviii. p. 82. 
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3. For Varnishes. — ^The most important constituent which enters 
into the nuinufaoture of varnishes is undoubtedly the linseed or other dn-ing 
oil. Linseed oil (see p. 49) is liable to be adulterated with ot^er vege- 
table oils^ with fish oils, with mineral and rosin oils, and with rosin itself. 
As mineral and foreign seed oils are lighter in specific gravity than linseed 
oil, while rosin and rosin oil are much heavier, by the judicious use of a 
suitable mixture of mineral and rosin oils extensive adulteration can be 
effected without alteration of the density. The analysis of a linseed oil suj>- 
poscd to be adulterated would be made according to the scheme given be- 
fore (see p. 84) for the analysis of a fatty oil containing foreign admixtures. 
A. H. Allen gives also a rather elaborate method, which he states is l)etter 
ada))ted for a boiled linseed oil, for the details of which the reader is referred 
to Allen's " Commercial Organic Analysis," 3d ed., vol. ii., Part ii., p. 155. 

4. For Caoutchouc and Gutta-percha. — ^The adulterations of 
caoutchouc are both mineral, or inorganic, and orc;anic in character. A 
carefiil incineration of a given specimen in a porcelain crucible will leave 
any mineral admixture, as ash. Oxide of zinc, g}'psum, and such admixtures 
are thus recognized. To determine the amount of sulphur, the specimen is 
burned in a current of oxygen, the gaseous products of combustion passed 
through \\-ater acidulated with nitric acid, so that the sulphurous acid re- 
tained is changed into sulphuric acid, which is then determined by chloride 
of barium in the usual way. If the mass contain metallic sulphide, this pro- 
cethire does not answer. The mass must be deflagrated in a crucible widi 
saltpetre and aoid, then the sulphur determined in the sulphate of potassium 
pn>duccd. 
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STATISTICS. 

No attempt will be made to take up the essential oils in detail. The 
statistics of the entire class will be given, and only a few of the more 
important substances will be specially mentioned. 

Essential OUs. — The export of essential oils (bergamot, lemon, etc.) from 
Sicily and Calabria in recent years has been : 

Kilos. Value in lire — 0.19^. 

1895 554,191 8,081,870 

1896 514,067 7,579,424 

1897 732,092 9,719,188 

1898 667,298 9,016,088 

1899 797,145 10,722,445 

Peppermint oil is exported from Japan in three forms : as dementhol- 
ized oil, as mixed oil containing about forty per cent, of menthol, and as 
nieotbol crystals. The statements of production, therefore, include all 
three of these sources. 

The yield and stock on hand of Japanese peppermint oil in recent years 
h given as follows by Schimmel & Co. 

1896 228,300 catties (298,66411)8.) 

1897 140,000 " (187,250 *' ) 

1898 100,000 " (133,750 ** ) 

1899 102,000 *' (136,425 ** ) 
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The English importations of rosin for the last three years were : for 
1897, 1,640,745 hundredweight, valued at £407,771 ; for 1898, 1,662,279 
hundredweight, valued at £361,169 ; for 1899, 1,708,630 hundredweight, 
valued at £399,556. 

The importations of shellac for the last five years to the United States 
have been as follows : 

1895. 1896. 1897. 1896. 1899. 

Pounds .... 6,401,060 6,066,957 7,161,469 6,984,896 9,880,111 
Valued at . . $1,288,501 $1,210,802 $1,082,401 $989,361 $1,897,685 

The English importations during the same period were : 

1896. 1896. 1897. 1898. 1899. 

Hundredweight. 114,122 167,862 177,567 96,678 108,767 

Valued at . . £629,459 £776,117 £751,099 £838,826 £872,585 

The exportations of kauri (dammar) resin from New Zealand within 
recent years have been as follows : 

1888 8,482 tons, valued at £880,988 

1889 7,519 *' " '* 829,590 

1890 7,488 ** '' '' 878,568 

1891 8,888 " '' " 487,056 

1892 8,705 " *' ** 517,678 

1893 8,817 *» ** " 510,775 

An estimate of the present annual production of caoutchouc throughout 
the world, which appeared in the Monthly BuUeHn of the Bureau of the 
American RepiMica, is as follows : 

Brazil and Peru (yield of Part rabber) 46,000,000 pounds. 

Brazil (yield of Ceart rubber) 9,400,000 '* 

Brazil (yield of Mangabeira rubber) 6,500,000 " 

Guiana 600,000 " 

Bolivia 8,000,000 '' 

Rest of South America 4,000,000 »* 

Total for South America . . . 68,500,000 pounds. 

Central America and Mexico 6,000,000 <' 

Java, Borneo, and Malayan Islands 2,000,000 <' 

East and West Africa 48,000,000 " 

Madagascar and Mauritius 1,000,000 '< 

India and Burmah 800,000 *» 

Ceylon 15,000 *' 



Total world's production 126,815,000 



(( 



Of this amount^ the United States and Canada use 40,000,000 pounds, 
Great Britain and colonies (Canada excepted), 46,000,000, and the conti- 
Dent of Europe, 40,000,000 pounds. 

OuUorpenAa, — ^The entire world's production of gutta-percha in 1890 
was estimated at 4,500,000 kilos. This amount has decreased notably 
nnoe 1890, amounting in 1896 to only 2,600,000 kilos. 

The United States importations of crude caoutchouc and gutta-percha 
tat the last five years have been : 

1896. 1896. 1897. 1896. 1899. 

Ctoutchouc (llM. ) . 89,741,607 86,774,460 85,674,449 46,066,497 61,068,066 

yaluedat. . . .$18,858,121 $16,608,020 $17,457,976 $26,886,010 $81,707,680 

Ghitta-peroha (11m.) 1.826,794 8,848,854 1,117,666 636,477 518,989 

Yaloedat. . . . $122,261 $178,518 $100,187 $159,881 $167,577 
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The English importations of caoutchouc and gutta-percha have been 
for the same period : 



Caoutchouc (cwt.) . 
Valued at ... . 



iSdS. 
341,653' 



1806. 
431,164 



1897. 
896,929 



1886. 
489,601 



1899. 
449,647 



£8,760,178 £4,998,186 £4,553,416 £6,215,183 £5,925,643 



Gutta-percha (cwt) 48,077 43,805 41,442 

Valued at. . . . £389,258 £401,490 £400,975 



68,222 82,487 

£676,274 £1,005,913 



The Grerman importations of caoutchouc and gutta-percha for the past 
two years have been : 



1896. 

10,097,700 kiloe. 
Valued at 54,528,000 marks. 



1899. 
13,916,400 kilos. 
Valued at 75,149,000 marks. 



The French importations for the same period were : 



1898. 

5,312,000 kilos. 

Valued at 32, 722,000 francs. 



lo99. 

6,128,200 kilos. 
Valued at 87,750,000 francs. 
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CHAPTER IV. 



THE CANE-SUGAR INDUSTRY. 



I. Raw Materials. 



Although sucrose, or cane-sugar, is present in a great many plants, it 
is usually accompanied by relatively large quantities of other carbohydrates, 
such as glucose, starch, etc., so that its extraction on a commercial scale is 
practically impossible. In order to extract the cane-sugar advantageously, 
glucose, invert sugar, and other dissolved solids must not be present in 
amount relatively large as compared with the sucrose. If this ratio of 
sucrose to total dissolved solids, called the "coefficient of purity," falls 
below a certain percentage (usually put at sixty-five), the plant-juice can- 
not be economically worked for the extraction of crystallized cane-sugar. 
At the present time the sucrose is extracted from four different sources, and 
on what may be termed a commercial scale from two only. 

1. The Sugar-cane. — The sugar-cane belongs to the family of grasses, 
growing, however, to an exceptionally large size. The plant is known 
as S(wdiarum offidnarumj and the best known varieties are called by such 
names as Bourbon cane, Otaheite purple cane, ribbon cane, crystalline cane, 
and Java cane. It has a wide range, succeeding in almost all tropical and 
sub-tropical countries, and requires a warm, moist climate, developiujg most 
luxuriantly on islands and sea-coasts in the tropics. It is the richest in 
suear of all the plants cultivated for this purpose. Under ordinary favor- 
able conditions it yields about ninety per cent, of juice, which contains 
eighteen to twenty per cent, of crystallizable cane-sugar. The following 
aiudyses of sugar-canes from several sources illustrate its composition : 



1 

Water . . 

Sucrose. . 
Glucoee . 
Cellulose . 
Salts. . . 


Marti nlque. 
(PeUgot) 


Guadeloupe. 
(Dupuy.) 


Maurltiiis. 
(Icerj-) 


Martinique. 
(PoppO 


MiddleEgypt. 
(Popp.J 


^^?PSp^^" 


72.1 
18.0 


72.0 
17.8 

9.8 
0.4 


69.0 
20.0 

• • • 

10.0 
0.7 to 1.2 


72.22 

17.80 

0.28 

9.80 

0.40 


72.15 

16.00 

2.80 

9.20 

0.85 


72.18 

18.10 

0.25 

9.10 

0.42 


100.00 


100.00 


99.7 to 100.2 


100.00 


100.00 


100.00 



The most successful cultivation of the sugar-cane is at present carried 
^^ in Cuba and other West Indian islands, although largely produced in 
^Daost all tropical countries, 

2. Sugar-beet. — ^The sugar-beet is a source of sucrose that, while 
^^ mentioned as long ago as 1747, when Marggraf called the attention 
^f the Berlin Academy oi Sciences to its importance as a sugar-yielding 
^terial, has only in the last few decades advanced to great importance and 
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taken position as a snocessful rival of the sugar-cane in the matter of pro- 
duction. It has been greatly improved by careful selection and cultivation, 
and its richness in sugar notably increased. Marggraf could only extract 
6.2 per cent, of sugar from the white and 4.5 per cent, from the red beet ; 
it has now been brouj?ht to an average of eleven per cent, and in excep- 
tional cases has been found to contain sixteen per cent Some six varieties 
are now cultivated in Grermany, where the beeib-sugar industry has reached 
its highest development : the white Silesian, the Quedlinburg, the Siberian, 
the French, the Imperial, and the Electoral. (The beet is relatively much 
more complex in its chemical composition than the sugar-cane, and the ex- 
pressed juice contains a number of organic impurities not present in the 
juice of the cane, notably of the class of nitrogenous or albuminoid sub- 
stances. On the other hand, glucose, or invert sugar, which is frequently 
5 resent in the cane, is practicaBy absent in the juice of fresh beets.) The 
etailed composition of the sugar-beet is seen from the accompanying 
^eme of Scheibler.* At the same time the three accompanying analyses 
by R. Hofmann gives the composition of three types of beets : those poor in 
sugar, those of medium richness, and those containing the largest percentage. 



Water 

Sugar 

Nitrogenous compounds 

Non-nitrogenous f soluble 

compounds \ insoluble (cellulose) 
Ash 



Fiisttype. 


Second t3rpe. 


89.20 


88.20 


4.00 


9.42 


1.00 


1.64 


4.13 


8.84 


1.01 


1.50 


0.66 


0.90 


100.00 


100.00 



76.20 
15.00 
2.20 
4.28 
2.07 
1.30 



100.00 



3. Sorghum Plant. — The sorghum plant {Sorghum mccharatum and 
other species) has been known and valued in China for ages, and small 
quantities have been cultivated in the United States for me sake of the 
syrup for a number of years past It is only of recent years, however, 
tiiat attention has been dra>\Ti to it as a source of crystallized sugar, chiefly 
by the experiments of the United States Bureau of Agriculture, and its 
systematic cultivation has been attempted in several parts of the United 
States. The composition and saccharine strength of me juice seems to be 
quite variable, and dependent upon conditions of cultix'ation to a much 
greater extent than is the case with either the sugar-beet or the sugar-cane. 
Thus, in 1883 the mean per cent, of sucrose in the sorghum juice, analyzed 
by the chemists of the department, \vas 8.65, in 1884 the mean was 14.70 
per cent., in 1885 it was 9.23, and in 1886 it was 8.60 per cent The 
sorghum plant grows easily over a ven' wide range of climate, and if its 
cultivation can be established definitely upon correct principles, it may prove 
to be a most valuable addition to the world's sugar-producing materials. 

4. The Sugar-maple. — ^The sap of Acer saccharinum and other 
species of the genus Acer is a source of sugar and sjTup more esteemed 
for confectionery and table use than because of its commercial importance. 
The sugar is never refined, and only comes into use as a raw, small-grained 



• Beiicbt uber Entwick Chem. Ind., von Hofmanu, 1877, 8te Heft, p. 187. 
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sugar of peculiar and characteristic flavor; the syrup is a thin, sweet 
syrup of the same characteristic maple flavor, differing considerably, too, in 
its composition from both cane- and beetrsugar syrups. The freshly-collected 
sap contains from two to four per cent, of sucrose, with traces of glucose. 

We may now compare the chemical composition of the freshly-expressed 
juice from the three sources of sugar manuracture above described, and note 
those differences which are of importance in determining the successful ex- 
traction and crystallization of the cane-sugar. 

The composition of the fresh juice of the sugar-cane is illustrated in the 
following table. The first four analyses are by the United States Bureau of 
Agriculture and were made in connection with its experimental work, and the 
last six from experimental cultivation of certain varieties of cane in Cuba 
on the Soledad estate of Mr. E. Atkins. 







Louisiana. 




Cuba. 


1884. 


isas. 


1886. 


1887. 


Crystalline 
cane. 


Red ribbon 
cane. 


Black Java 
cane. 


Specific gravity . 
Toiai soflds . . . 

Sucrose 

Glucose 

Albuminoids . . 

Coefficient of 

purity 


1.068 
16.54 
13.05 

0.67 

0.19 
78.97 


m % • 

15:80 

12.11 

1.02 

0.16 
76.64 


1066 
16.20 
18.50 

0.61 

0.167 
83.33 


1.066 
16.87 
13.69 

0.77 

• • • 

83.48 


11.60B. 

20.9 

19.2 
0.66 
Non- 

suxar. 

91.8 


12.50 B. 

22.6 

20.5 
0.20 
Non- 

sugar. 

i3o 

907 


II20B. 

20.2 

18.5 
0.14 
Non- 

'X- 

9L5 


12.10 B. 

21.9 

20.0 
0.31 
Non. 

9L8 


12.2° B. 
22.0 
21.8 
Trace. 

Non- 
sugar. 

0^ 

96.8 


11.80 B. 

21.4 

.20.6 
0.08 
Non- 

?r- 

96.8 



The average composition of the fresh beet juice is shown in the follow- 
ing analyses, tne method of obtaining the juice being also indicated. The 
first four are from " Stammer's Lehrbuch," and represent each the average 
of a Grerman beet-sugar factory for the season ; the fifth is from beets culti- 
vated at Washington, D. C, by the Bureau of Agriculture ; the sixth the 
average of a week's work at Alvarado, California, in 1888, and the last 
from a beet grown at Grand Island, Nebraska, and analyzed at the State 
Agricultural Experiment Station. 



German. ' German. 



German. 
By press- By dlffu- %^^l 

ing. 



ure. 



Total solids (degree 

Brix.) 

Sucrose 

Reducing sugar . . 
Non-sugar ..... 
Coefficient of purity 



16.27 
13.02 



3.26 
80.02 



17.20 
14.63 

2.67 
86.14 



14.99 
11.98 

• • • 

8.01 
79.92 



German. 
By ma- 
ceration. 



18.77 
14.64 

• • • 

4.18 
77.99 



Washing- 
ton. 

By press- 
ure. 



11.78 
7.61 
0.89 
8.78 

64.60 



Alvarado, 
Cal.« 

By diffb- 
sion. 



17.20 
14.80 

• • • 

2.4 
86.6 



Grand 
Island. Neb.t 
EL H. Nichol- 
son. 



23.70 
21.41 
0.188 
2.162 
90.8 



The composition of the sorghum juice of different seasons, as cultivated 
by the United States Department of Agriculture, is shown in the following 
table: 



♦ Many beets grown near Alvarado in the fall of 1888 polarized twenty per cent, and 
the average coefficient of purity for the season was estimated to be from eighty-five to 
^igbty-seven per cent. 

t Individual beets grown in Nebraska have shown a percentage of 22U)8 sucrose, and 
'*H>afficient of /Jurity of ninety-three per cent. 
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1888. 


1884. 


1885. 


1886. 


1887. 


Fort Scott 


Bio Grande. 


Total solids 


18.59 
8.65 
4.08 
0.86 

63.65 


19.75 

14.70 

1.27 

3.78 

74.43 


15.07 
9.23 
3.04 
2.80 

61.25 


17.08 
9.59 
4.25 
3.24 

56.15 


16.14 
9.54 
8.40 
820 

59.11 


14.02 
8.98 
3.24 
1.80 

64.05 


Sucrose 


Glucose 


Non-6Ugar 

Coefficient of purity 



Analyses of fresh maple-sal) made at Lunenburg, Vermont, by one of 
the chemists of the Department of Agriculture, in the spring of 1885, shows 
that it contains an average of 3.50 per cent of sucrose, traces only of glu- 
cose, about .01 percent of albuminoids, and has a mean coefficient of purity 
of 95. 

n. Processes of Treatment. 

1. Production of Sugar from the Sugar-cane. — As the cultiva- 
tion of the sugar-cane is chiefly carried on in the tropical countries, parts 
of which are dependent upon totally unskilled labor, there is very great 
diversity in the development which the industry has reached. In some 
countries the work is still done by hand or with the simplest kind of ma- 
chinery, with corresponding small yield of inferior products, while, in 
others, as in Louisiana, Demerara, Cuba and other West Indian islands, 
there are many sugar plantations equipped with the very latest and best of 
sugar-making machinery, and producing direct from the juice raw sugars 
that are almost equal to the refined product. In general, however, the 
sugars produced on the plantation are not in a sufficiently pure condition for 
consumption and are termed " raw sugars," having therefore to undergo a 
process of refining, by which the impurities are eliminated and the sucrose 
obtamed in a pure, well-crystallized state. We shall note first the method 
of producing raw sugar, and afterwards the methods of refining the same at 
presoit in use. 

The canes must be cut when they have arrived at maturity, and must be 
promptly used to prevent the fermentation of the albuminoid constituents 
and other non-sugar of the cane, which in turn rapidly change sucrose into 
invert sugar and lessens the possible yield of crystallizable sugar. At least 
this inunediate use of the cut cane is necessary in Cuba, Demerara, and dis- 
tinctly tropical countries, where the juices must be expressed within forty- 
^ight hours after the cutting to prevent an excessive inversion taking place. 
In Louisiana, the experiments of the Department of Agriculture have 
shown * that sound canes can be kept btorea under cover for two or three 
nionths without appreciable diminution in the sucrose per cent, or loss in 
tnc coefficient of purity. 

The expression of the juice has been, and in most cases still continues 
^ be, effiscted by the process of crushing the canes between heavy rolls, 
which may vary from the crude stone or iron rolls, driven by water or 
horse-power, to the perfected sugar-mills now in use, in which enormous, 
nollow, steam-heated rolls, driven by steam, are used to do the same work, 
l^ttge, slow-moving rolls have been found in practice to yield better results 



* Bulletin No. 6, p. 67. 
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than smaller, rapid-movioe rolls. While four, five, and evei 
mills have been constriicteu, the mill in general use is a three-roU mill, an 
example of which !h shown in Fig. 38. The canes pass by the eairier, down 
the slide, through the rolls, and the " bagasse" (exhausted canes) emei^ing 
below is carried away for fuel purposes, while the juice as expressed oollects 
in a recepta^Je and is run to the evaporators. 

While the analyses of sugar-canes, given on a previous page, show that 
the cane contains ninety per cent, of juice, the percentage of extraction of 
juice by this roller-crushing process on the best-managed Cuban estates 
does not exceed seventy or seventy-one, and generally ranges from sixty 
to sixty-five, per cent. This imperfect liberation of the cane juice by the 
crushing process has led to experimeuts in other directions. One result has 
been the frequent introduction of a second or suppleraentan.- crushing of 
the cane in a two-roll mill following the use of the three-roll mill before 



i 



» 




described. These second rolls are heavier, and the pressure is greater than 
in the first crushing. The total pei-cents^ of juice, and consequently of 
sugar extracted from the cane, is raised, although the juiw from the second 
and heavier pressure is less rich in sucrose than the first juice, which lame 
from the softer pulp of the cane. 

It has also been sought (o increase the yield of saccharine juice by sub- 
mitting the cane to the action of hot water or steam at an intermediate stage 
between the two crnshings. It is stated that a " maceration" process of this 
kind, known as Duchassiug's, has been in quite successful use in Guadeloupe, 
raising the yield of sugar from 9.40 per cent, on the cane to 11.04 percent 
All the processes hitherto described for extraefing the juice from the 
have depended for success upon the rupture of the juioe-oontaining 
" Diflksion," which has been so successful in the extraction of the 
:«* of the sugar-beet, differs from them essentially in dispensing with 
le breaking up of the cells, and in substituting therefor a displat^ment by 
t^mosis or diflnsion of the saccharine juice by pure water. As a descrrip- 
''on of this method follows when speaking later of the treatment of the 
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sugar-beet, we wiU at this stage speak only of the advantages and disad- 
vantages of its application to the sugar-cane work. It has not met at all 
with general favor fix)m sugar-cane pmnters. Difficulties were met with in 
cutting the chips needed for the dimision-cells. The sugar-cane differs so 
radically in its structure from the sugar-beet that totally aifferent forms of 
slicing apparatus had to be used. The cane-chips tendea to pack in the cells, 
and so impeded the circulation of the warm water. When this took place, 
fermentation and inversion of the sucrose rapidly followed. The cane-chips, 
after exhaustion, do not make as good a fuel as the bagasse of the cane-mill. 
The first of these difficulties has been overcome both in the use of diffusion 
apparatus in Guadeloupe and by the United States Department of Agricul- 
ture in its experiments on diffusion, as applied to the sugar-cane made at 
Fort Scott, Kansas, in 1886. The second difficulty has in part been over- 
come by using hotter diffusion water (at 90*^ C), and working more rapidly 
with a sufficient pressure. But it is more effectiially prevented by the use, 
in the diffusion-cells, of either carbonate of lime, as proposed and patented 
by Professor M. Swenson, or of dry-slacked lime, as proposed by Professor 
H. W. Wiley, the chemist of the Department of Agriculture. Of these, 
the latter seems to meet with more general approval of those who have tried 
diffusion with either the sugar-cane or the sorghum-cane. In answer to 
the third difficulty, it is remarked that the bagasse bums better largely be- 
cause of the notable quantity of sugar left in it, and that when the difinsion- 
chips are dried they vnll bum fairly. They can also be used to great ad- 
vantage for paper stock and for manure, as they still contain most of the 
nitrogenous constituents of the cane. On the other hand, if suoeessfully 
carried out, it undoubtedly effects a more complete extraction of the sugar 
than any other process. At Monrepos, Guadeloupe, with Bouscaren's ap- 
paratus, consisting of six diffusors, juice having a density nearly equal to 
that of the natural juice is obtained, one and a half hours being sufficient 
for extracting the sugar. The yield of white sugar amounts to twelve and a 
half to thirteen per cent, of the weight of the cane.* At Fort Scott, Kansas, 
the chemists of the Department of Agriculture,t in their experiments with 
diffusion as applied to sugar-canes, succeeded in obtaining a yield the highest 
ever got from sugar-cane. Tlie mean loss of sugar in the chips at Fort 
Scott was .38 per cent., and the quantity of sugar present was 9.56. The 
percentao:e of extraction was, therefore, ninety-six per cent, or, reckoned on 
the weight of cane, 86.4 per cent, of a possible ninety, which, if compared 
with the best figures obtained in mill-crushing, shoAVS a decided advantage 
for diffusion. 

The treatment of the expressed juice is next to be noted. This has also 
undergone amsiderable improvement in recent years, although on small 
isolated sugar plantations the primitive and A^-asteftil methods of the "cop- 
per-wall," or oj)en-pan, boiling are still in use. The general outlines of the 
treatment of the juice which is folli>wed in the main, if not always in detail, 
is given in the a<:xx)mpanying scheme. 

The juice of the sugar-cane must be properly "defecated," or treated 
with milk of lime, in order to neutralize the organic acids of the juice, and 
so prevent their stiirtiug a fermentation and consequent inversion of the 
sucrose when the juice is heateil. This has the effect, as soon as the juice 
is heated, of bringing to the surface a thick scum of lime salts, holding 

* Spon's Encyclopedia, p. 1881. t Bulletin No. 14, p. 63. 
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mechanicallj entanded much of the albuminoids and suq)ended particles of 
fibre of the juice. This is known as the " blanket-scum." This is removed 
by skimming, and the boiling continued, when additional greenish scum 
forms, which is similarly removed. When the scum ceases to form, the 
steam is shut off and the sediment allowed to settle, and the clarified juice 
gradually dravm off. The amo'mt of lime to be added in the case of cane 
juice is usually .2 to .3 per cent., or about four ounces of quicklime to the 
gallon of juice, but is always carefully controlled, so that the acids of the 
imce are not entirely neutralized and a faint acid reaction still remains. 
Should the lime be in excess, the glucose almost always present in the cane 
juice is rapidly acted upon and decomposed, yielding dark-colored products. 
An excess of lime is always corrected before further treatment by the addi- 
tion of sulphurous, sulphuric, or phosphoric acids. In the older process of 
open-pan boiling, this defecating and clarifying takes place in the first of 
five connected kettles or pans, walled in and heated by the same fire, and 
known technically as the " copper- wall.'' From this first pan the juice, after 
the removal of the blanket-scum, goes to the second, in which it receives 
more heat. After it is thoroughly clarified and both scum and sediment 
removed, the juice goes to the mini and fourth pans successively, in which 
it is concentrated to 30° B., and then goes to the fifili, or " strike-pan," to 
be brought to the crystallizing point. It may still require some treatment 
here, as it first becomes thick. If " sticky^' or sour, some buckets of lime- 
water are let in, or if too dark-colored, dilute sulphuric acid is added to 
dear it When the " masse-cuite," or thick mass, fiill of separating crys- 
tals, has been suflSciently heated, it is "struck out" into large, shallow, crys- 
tallizing vessels and allowed to cool, and so complete the crystallization. 
The older open-pan sugars are generally " cured, or freed from syrup, 
amply by oraining in vessels with perforated bottoms, or, in a limited 
number of cases, by the process of "claying," or covering the sugar in 
cones with a batter of clay and water, through which water percolates, 
slowly displacing the darker syrup. The first method gives the conmion 
** musoovado" sugar, a moist, brown sugar, which goes from the West Indies 
to the United States and Europe for refining ; the second method gives a 
lighter-colored but soft-grained sugar, which similarly must be refined for 
use. This older and cruder method has given place most generally now to 
improved methods, whereby the yield is notably increased and grades of 
WW sugars are produced that are much purer and finer in appearance. The 
Aief improvements consist in the use of vacuum-pans for concentration of 
the juice and oentrifiigals for curing the crystallized sugar. At the same 
time other minor improvements contribute no little to the better results. 
The juice, unless it has been gotten by difiusion, is generally run through a 
strainer into the clarifier. In addition to very careful and exact measuring 
of the amount of " temper-lime" needed, sulphurous acid or sulphites are 
often used now to bleach the juice. In case sulphurous acid is used, 
niore lime is needed for tempering. The thin clarified juice is then filtered 
trough bone-black filters before it goes to the vacuum-pan. This filtra- 
tion removes the vegetable coloring matters as well as the finely suspended 
impmities that remain. 

The use of powdered lignite as a means of clarifying and improving the 
niw-fiugar juices, first introduced by Kleeman, has been tried in recent years, 
And, it is claimed, with success and profit. It is added afler tlie juice has 
been limed and defecated^ and the juice, together with the accumulated 
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The most important improvement in the preparing of a better-^rade 

augar, hciwever, consists in the iise of the vacniim-i»au, by means of which 

the concentration can be effected with the least heating, and hence least 

iliscoloring of the sugar-containing juice. The vacuum-pan, invented in 

1S13 in England by Howard, allows of the concentration, or " boiling to 

grain," being effected at temperatures varying from 130° to 170° or 180° F., 

instead of tJie 240° or 250° F. reached in the open-pan. They are of vary- 

injf forms, but consist essentially of a spherical, cylindrieal, or dome-shaped 

cupper or iron vessel, such as is shown in Fig. 39. The contents of this 

KMfie! are heated by tlie steam-eoils shown in the cut, and the vacuum is 

maintained by the connection with an injector air-pump, as shown. The 

Tucunni-pan is connected first with an overflow vessel, or " save-all," to 




™Ilect saccharine juice thrown over, and thence with the exhaust>-pump. 
Through suitable openings in the side of the pan the interior can oe illu- 
minated and the operations watched ; samples can be witlidrawn by the aid 
"f the " proof-stick" for examination, and fresh juice can be admitted when 



'f'tmin is to be built np. 
In a 



_ concentrating the raw juice, considerable use is made of what are 
•sUed " triple effect" vat^uum-pans, a series of three connected pans, in the 
frs of which the thin juice boils under a slightly-reduced pressure and, of 
WuiBC, at a slightly lower temperature than in the air ; the vapor from the 
wiling juice here passes into the steam-dnira of the second pan, and 
i*sdily boils the liquor here, whicli, though denser, is under a greater 
1, and similarly the vapor from this liquor boils the most concen- 
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•h are frequeotlv thrown away. Professor Wiley, the chemist of tlie 
ortmeDt of Agnciiltiire, has shown • that in working a crop of 9063 
I of cane the loss of sugar in the scuras, if thrown away, would have 
amounted to 120,316 
pounds, of whith 94,- 
545 ]x>unds would 
have gone in tlie 
blanket-scums, and 
25,771 pounds in the 
subsequent Bcuras. To 
save this sugar, the 
scums are steamed and 
tlien pressed and 
washed in a filter- 
press (see p. 144), 
whereby, practically, 
tlie whole of the sugar 
can he recovered. The 
scums are generally 
filter-pressed now in 
the best Cuban and 
Louisiana sugar- 
houses, altliough a 
cruder method of 
pressing them in lags 
is used on some plan- 
tations. The applica- 
tion to cane juice of 
the method so gener- 
ally followed in the 
case of beet-sugar of 
adding an excess of 
lime, which, after the 
the first boiling up, is 
removed hy the pro- 
cess of carbonatation 
or saturating witli car- 
bonic acid gas, has 
generally been consid- 
ered to be impossible, 
because, as was stated 
before, an excess of 
lime acts injuriously 
Uiy glucose present and darkens the juice. But if the juice is from 
ines in which tlie glucose jiercentage is not large, the advantages of 
_onatation proi^ss may excewl the injurious effects. This seems to 
eji ehown bv the experiments of the Department of Agriculture at 
att, Kansais," in the fall of I886.t The yield of mfi^r in the ex- 
( in which I»th diffusion and tarbonatation were followed was, as 
before, larger than liad ever been gotten from sugar-canes. | 

I of Department of Agriculture, No, 6, p. 59. | Ibid., No. 14, pp. 62 and 68. , 
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Proft'saor Wiley suniH up tlic ailvanfi^es of the process as foUowB : " The 
process of carbonatutioii tends to inurtiase tlie yield ui' sugar in three ways : 
(1) It dimiaishcs the amount of glucose. This diminution is small when 
the oold carbonatation, as practised at Fort Scott, is used ; yet to at least 
one and a half its extent it increases the yield of crj'stallised sugar, (2) 
By the caif ful use of the process of carbonatation there is scarcely any loiia 
of sugar. The ouly place where there can be any loss at all is in the press- 
cakos, and when tlie desucration of tliese is properly attended to the total loss 
is trifling. The wasteful process of skimming is entirely abolished, and the 
JDcreased yield is due to no mean extent to this truly economiail proceeding, 
(3) In addition to tlie two causes of iucrea.se already noted and which are 
not sufficient to produce the large rendement obtained, must be mentioned 
a third, the action of the excess of lime and its precipitation by carbonic 
acid on the substances in the juice which are tnuy melassigenic. Fnlly 
half of the total increase which the experiments have demonstrated is due 
to this cause. It is true, the coefficient of purity of the juice does not 
seem to be much affected by the process, but it is evidence that tlie treatment 
to which the juice is subjected increases in a marked d^rce the ability' of 
the sugar to crystallize. This fact is most abundantly illustrated by the 
results obtained. Not only this, but it is also e\-ident that the proportion 
of first sugars in all others is largely increased by this method. This is a 
feet which may prove of considerable economic importance," 

It only remains to notice in connection with raw sugars two forms of 
apparatus for cunceutrating raw-sugar juice which have had considerable iise 




in the tropics. The first of these is the " WetzeJ [lan," an apparatus shown 
in Fig, 43. As seen, it consists of a pan containing the liquor, in which dip 
pipes heated by steam passing through tliem; while the cj'linder, formed 
by these pipes, is caused to revolve by power applied from the end as shott-n 
in the cut. The large heating surface enables steam at very low pressure 
to be used, exhaust steam from the eanc-mill engine being sometimes used 
for the purpose. Such pans are used on some plantations, in the absence 
of a vacuum-pan, to finish the concentration begun in the battcrv or eopner- 
wall. The liquor is brought to them at a density of 26° to 27° B, The 
Other form of apparatus referred to is the " Fryer Concretor," in which no 
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attempt is made to produce a crystalline article^ but only to evaporate the 
liquor to such a point that when cold it will assume a solid (concrete) state. 
The mass is removed as fast as formed^ and being plastic while warm it can 
be cast into blocks of any convenient shape and size^ hardening as it cools. 
In this state it can be shipped in bags or mattings suffering neither deli- 
quescence nor drainage. The " concretor*' consists of a series of shallow 
trays placed end to end and divided transversely by ribs running almost 
from side to side. At one end of these trays is a furnace, the flue of which 
nms beneath them, and at the otlier end a boiler and an air-heater, which 
stilize the waste heat from the flue, employing it both to generate steam and 
to heat air for the revolving cylinder. The clarified juice flows first upon 
the tray nearest the furnace, and then flows down the incline towards the 
air-heater, meandering from side to side. While flowing thus it is kept 
rapidly boiling by means of the heat from the furnace, and its density is 
nosed from about 10° B. to 30*^ B. From the trays it goes into a hollow 
revolving cylinder full of scroll-shaped iron plates, over both sides of which 
the thickened syrup flows as the cylinder revolves, and thus exposes a very 
large surface to the action of hot air which is dra^vn through by a pan. 
In this cylinder the syrup remains for about twenty minutes and tlien flows 
from it at a temperature of about 91° to 94° C, and of such consistency 
that it sets quite hard on cooling. 

Raw sugars are oflen gotten now of sufficient purity to allow of their 
immediate use without further treatment. Such is not the usual rule, how- 
ever, but they have to imdergo a purifying or refining in order to bring 
them to the requisite purity for consumption. The sugar-refining process 
is simpler in its theory than the process of preparing the raw sugars, but 
requires more exactitude in its execution, and more elaborate and costly ma- 
chinery and equipment. The problem as stated is a much simpler one than 
was that of hancfling the raw cane juice ; it is now simply a redissolving of 
the impure crystalline mass of raw sugar, freeing the solution fix)m impuri- 
ties, and then crystallizing afresh the pure sugar from it The sugar refinery 
located in a large commercial centre is almost always a building of consid- 
erable height, so as to allow of the descent by gravity of the sugar solutions 
from floor to floor as the process of treatment proceeds. The general out- 
line of the treatment will be easily followed with the aid of the diagram in 
Fig. 44. The raw sugars as they arrive are discharged from hogsheads or 
bags in the mixing room on the ground floor through wide gratings into 
the melting tanks, or " blow-ups," just below, where boiling water and steam 
rapidly dissolve all that is soluble in the sugars. These tanks hold from 
three thousand to four thousand five himdred gallons, and treat from nine 
to thirteen tons of sugar at a time. The hogsheads and bags are similarly 
cleaned out by live steam. The crude-sugar solution, run through a coarse 
wire strainer to remove mechanically-mixed impurities, is then pumped to 
the defecating tanks at the top of the building. The defecating is not done, 
as was the case with raw juice, with lime, but with some form of albumen, 
as bullock's blood, which, coagulating by the heat, encloses and carries Mrith 
it much of the fine suspended impurities. Fine bone-black is also some- 
times added along >vith the blood. The contents of these defecating tanks 
are boiled up and agitated thoroughly for from twenty minutes to half an 
hour, when the clear liquor is run off in the troughs leading to the bag- 
filters. These are of coarse, thick cotton twill, four or five feet long, and 
but a few inches through. These filters collect the fine suspended slime 
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centrifiigating the pulp ; (3) by the raaoeration process, in which the pulp 
is exhausted with either warm or oold water, and the residue pressed ; and 
(4) by the diffusion process, in which the beeta are not pulped at all, hut 
are cut into thin transverse sections, known in GJermany as " schnitzel," in 
France aa " cosettes," and in English as " chips." These are then put into 
a series of vessels, in which a current of warm water is made to displace 
the sugar juice by the principle of " osmosis," or difiusion, as it is more 
generally called. The first three processes are now almost entirely displaced 
i in Germany by the diffusion process. It is obvious that in this latter the 



I juice will be freer from the fine mechanically suspended impuritie 




I solid i>articles than in the processes tliat. rupture the cell-walls. In this 
' oountrj' the beet-sugar factories have all l>ecn equipped with diffiisiou 
batteries of approved construction, and that method has been the one ex- 
clusively employed. In France the diffusion method has not become so 
generally popular. As, however, it yields a purer jui(* and a higher per- 
centage of the same than the older methods, and is, as just stated, the one 
that is displacing the others, we shall confine ourselves to it. 

In the diffusion method of Robert, the fresh beets are cut into slices or 
"chips" of about one millimetre thickness, which are digested with pure 
water at fnim 60° C to 60° C. This allows the saccharine beet juice to pass 
through ihe cell-walls and mix with the water and the water to replace it 
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•n the rella, while the colloid non-sugar remains behiud. The vessels us<vl 
for this diflusioii are meetly upright iron t-yliuileraj as shown in Fig. 46, 
whi<i are provided with a man-hole above for charging them with the chips, 
A serits of these diffusors conneeted ti^ther ia known as a battery. They 
are brought to the proper temperature either by a small st«im-coil on the 
botiom of the vessel or by ao-called " calorisators," or jiiiee-warmers, de- 
tached upright heating vessels inserted between every two diflusors. A 




inon-batteiT of tm oells, with iiuc-e-w armers, is elmwn m })hn m Fig. 
From the bottom of each cell. / to A', goes a deliverj -tube, >. to the 
torn of the jmee-narmer, where it divides into seven tubes From the 
P of each juioe-warmer a tube, n, bent at ri^ht angles, connects with the 
aext Cfll The connexion of the opjjoaite cells, I'aud VI, as well a& the 
cells X and / at the other end, is effected, as shown in tlie ground-plan, by 
longer tulxa itialung these bends at light angles. By suitable valves in the 
supph- and deliverv tubes each cell can l)e sliut off from the others. The 
uj>pfr rain-holcs of the celk are all reached from the platform e, which runs 
along just aliove thejn , the \al\e« 1,2 3 are reached from the platform /, 
which runs along lower down, supported on cross-pieces, as sliown in Fig. 
48 ; and the thini platform, g, gives access to the lower valves. A sunken 
canal, h, in this lowest platform allows of the exiiaiisteil chips being dis- 
cliargi?<I from the lower man-holes on to an endless baud, which | 
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aroiiDd two whwls and delivers them into ascending buckets, whence tli< 
go to tbe chip-press, which driea them. The filling of the i-ells is effect* 




by means of a swiagine trough, not shown in the cut, coonectiiig with 
coip-cutttiT placed on a higher level. 
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In operating the battery, water at 66° C. is run into the first cell, which 

has been previously filled with fresh chips. For everj^ cubic metre of space 

four hundred and fifty kilos, of chips and five hundred kilos, of water are 

to be reckoned. The cell remains quiet for twenty minutes, during which 

time the temperature falls to 45° C. The connection with the neighboring 

jiiiee-warmer is now opened, and the thin juice made to pass into this by 

forcing fresh cold water into the first diffusionH3ell. The juice, brought in 

the warmer to 66° C, is then passed into the second cell, which has been 

filled with chips. After twenty minutes the juice in No. 2 is passed into 

the adjoining juice-warmer, while the cell fills up with the juice from No. 1, 

and this in turn with fresh water. No. 3, which had been filled meantime 

^nth chips, is now brought into the connection. After the juice has been 

kept in contact, at 66° C, with the contents of each of the three cells in 

turn for twenty minutes, it is sufficiently concentrated to go to the defecating 

pan. This juice is therefore sent to be purified, while No. 3 fills up with 

the thin juice from No. 2. In twenty minutes this is displaced, ana, after 

being warmed to 66° C, goes to No. 4, a freshly-filled cell. After suitable 

acdon here it goes direct to the defecating pan, as it is the second diiFusate 

of three cells and the first of a fourth. From this time on, as a new cell 

comes into operation the juice from one cell goes to the defecating pan imtil 

the ninth is in connection, when the first cell is disconnected and emptied of 

the exhausted chips and then filled with fresh. While this is going on the 

tenth cell has been connected ; and then the second is to be emptied, while 

the first cell is brought into connection with the tenth. Thus nine cells are 

always working together in the battery, while the tenth is disconnected for 

emptying and filling. 

The difiiision-cells are sometimes arranged in a semicircle or a circle 
instead of a straight line, as this arrangement is thought to be more con- 
venient when the cells are to be filled and emptied. Such a circular diflftision- 
battery is shown in Fig. 48, and the method of filling the cells with the chips 
or slices is shown, as well as the endless belt carrying up the buckets of 
exhausted chips to be emptied. A continuous diffusor, consisting of one 
long cell, in which the chips and water move in opposite directions, so that 
as ie juice becomes more concentrated it shall meet chips richer and richer 
in sugar, has also been devised. 

As stated, the percentage of extraction by these methods is higher and 
the juice is purer than by any other method, while the dried chips also serve 
as most valuable fertilizer material or for cattle food. Their average com- 
position is : ash, 5.67 ; fat, .49 ; crude fibre, 23.36 ; crude protein, 8.70 ;. 
and non-nitrogenous extractives, 61.78. A modification of this diffusion 
process by Bergreen, already found advantageous in practice, is to exhaust 
the cells of air after filling them with fresh beet-chips, and then to allow 
^panded steam to enter, so as to coagulate the albuminoids. The usual 
procedure then follows. The exhausted chips gotten this way make a good 
^ttle food, as they are richer in nitrogenous matter. The beet juice, by 
whichever of the tour methods before mentioned it may be gotten, is now to 
^ purified. The general outlinas of the method of working up the juice is 
^nown on the accompanying diagram, based on that of Post,* but modified 
^accord with recent improvements. Except in the case of the diffusion 
juice of Bergreen's process mentioned above, the crude juice is heated by 

* Po6t, Chemische Technologie, ii. p. 274. 
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indirect steam to 80° C tn coagulate the albuminoids, ami then two to 
three OP even four per wnt. of caustic lime, in the form of milk of lime, is 
added. This lime saturates the free acids and throws out nitrogenous com- 
pounds as in the case of cane juiw, and, Ijecause of its excess, forms soluble 
calcium saccharatcs Mitli some of the sugar. Carbonic acid gas is then 
added until the precipitated carbonate of linie becomes granular and settles 
rtadily. At this time tliere still remains a slight excess of free lime. — alx>nt 
.1 to .2 i>er cent. The contentsof thesaturation-panarenowpumpcdintothe 
filter-presses and the press-cakes washed free from sugar by steam. A filter- 
press, such as is admrted for sugar-scums and carbonatation press-cakes, is 
nhown in Fig. 49. This treatment is called the first carbonatatjon. The juice 
may be filtered now at once through bone-black, which will withdraw the 
remaining lime as well as decolorize it, but in most German sugar-houses 
it is subjected, boiling hot, to a second treatment with one-half per cent, of 
lime, and then completely ncutntlized with carbonic acid. This is called the 
second carbonatation, or the saiuration. After again going thrtmgh the filter- 
prees the juice goes to the bone-black-filters. In many of the newer German 
sugar-houses the filtration of the thin juice through bone-black is no longer 




practised, as rejieated saturations with lime and larbonic acid or treatment 

[ vith sulphurous acid and sidphit^ have so clarified it as to make Ixme-black 

I nnnecessark'. It is stated that at Watsonville, California, in the beet-sugw 

lory of Spreckels, bone-black filtration is thus dispensed with. The thio 

fed juice is concentrated in double or triple effect vacuum-mna to 24° 

B" B., and then filtered again as thick juice through bone-black. This 

f filtration takes the last traces of nitrogenous materials out, and the 

A of lime which remained in solution. It is then concentrated in 

ti Varauro-pan to crystallization. 

Ill the pn-jiaration of raw sugar, the " masse-cuite" is dropped from tie 

KVaeuuni-iam into small coolers of about two hundred kilos, cnpata^, in 

~4iich it becomes cold and crtstailization is completed. The contents of 

e ctxders aiv then mixed and broken up and rubbed to a paste with the 

1 of some synip, and the whole centrifiigaied. The sugar so obtained is 

K mw beet-sugar of commepce. The syrup obtained is conoentrated in a 

lUm-pan. aiA the sugar from this forms the second product, which some- 

ews iiit" conimeree and sometimes b returned to the thick juice to be 

up with iL 
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As was stated before, raw cane-sugar can be obtained by care and with 
the best vacuum-pan practice so nearly pure as to be directly available for 
use without any special refining. In the case of raw beet-sugar this is 
much more difficult The raw beet-sugar, though it may be well crystal- 
lized, usually contains substances of decidedly unpleasant odor and taste, 
chiefly decomposition products of the betaine of the juice (see composi- 
tion of the beet, p. 123), which are in the syrup adhering to the crystals. 
The production of a well-crystallized sugar for consumption direct from 
the beet juice requires, therefore, a thorough cleansing of the crystals in the 
centrifugating process. This is accomplished by the purging of the crystals 
with a clear white syrup, which displaces the impurer syrup adhering, or 
very generally by the use of steam of low tension either admitted into the 
inner drum of the centrifugal or to the space between the revolving drum 
and tJie mantel. In this last case the steam does not so much cleanse the 
crystals as it warms the mass and liauefies thoroughly the syrup in the 
spaces between the crystals. The proauction for direct consumption of a 
commoner sugar, known in Grermany as " melis," or lump-sugar, is an im- 
portant brandi of the raw sugar-working. In this case the contents of the 
vacuum-pan brought to grain, but without the special building of crystals, 
are discharged into shallow vessels with false bottoms, which may be called 
" \\*armers," in which the " masse-cuite" is heated up from 60° to 90° C, 
which has the effect of redissolving most of the small crystals. The 
warmed syrup is now filled into the moulds, in which it crystallizes uni- 
fonnly to a compact whole. This grade of sugar would have as so pro- 
duced a light yellow color, which is usually corrected by the addition of 
ultra-marine blue. 

Of course, raw beet-sugar can be most advantageously purified by a 
complete refining process, analogous to that described under cane-sugar, in 
which they are redissolved, clarified, decolorized, and again crystallized. 
The procedure is so similar to that described under the refining of cane- 
sugar that it need not be specially noticed here. 

3. The Working up op the Molasses. — It is stated in the tabular 
view of the workinff of cane-sugar on p. 127, that the molasses is used 
for syrup or workea over into molasses sugars. We should distinguish, 
however, between the several grades of molasses. In working up the raw 
sugar reference was made to first, second, and third sugars. Corresponding 
to each of these three grades, of course, is a different molasses, sometimes 
bown as first, second, and third molasses, and sometimes as second, third, 
and fourth molasses. The average percentage of sucrose and of reducing 
sugars in these is shown from the analyses of the United States Department 
of Agriculture * made at Magnolia, Louisiana, in 1884. 

Pirst molasses . . Sucrose, 87.97 per cent. Reducing sugar, 8.13 per cent. 
Second molasses . Sucrose, 41.23 per cent. Reducing sugar, 18.82 per cent. 
Third molasses . . Sucrose, 21.87 per cent. Reducing sugar, 21.06 per cent. 

The percentage of solid non-sugar in the first and second of these 
molasses will nearly, if not quite, equal that of the sucrose, while in the 
third it considerably exceeds it. 

The " first molasses" is sufficiently pure to be mixed with syrup sugar 
IB the pan for the production of a second product sugar ; the " second 

♦ Bulletin No. 6, p. 62. 
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molasses" can be refined as such for bro>vn or grocery sugars, and i 
" third molasses" is so sticky and impure that it can only be sent to 1 
rum-distillery, where it is fermented for rum. (See p. 219.) 

With respect to beet-root molasses the case is different It is ve 
impure from mineral salts and nitrogenous materials, but is nearly pi 
from the invert or reducing sugar so abundant in cane-sugar molasses, a 
in recent years it has be^ found possible to work it specifically for t 
extraction of the sucrose, of which over ninety per cent, is now extracti 
thus- reducing the loss of sugar to a minimum. The average ci)mpositi 
of beet-sugar molasses is given at fifty per cent, of sucrose, thirty per cei 
of non-sugar, and twenty per cent of water. Of these thirty non-sug: 
tiPji are made up of inorganic salts, chiefly potash compounds, and twei 
of organic non-sugar (see composition of the sugar-beet, p. 123). As i 
amount of beet-sugar molasses produced in Continental Europe annua 
is estimated at 250,000 tons, the fift)' per cent of sucrose represents 125,0 
tons of sugar which it was certainly desirable to extract if jwssible. T 
processes for accomplishing this depend upon either one or the other of t 
principles: either to witlidraw from the molasses the potash and otl 
mineral salts which prevent the erj'stallization of the sucrose, or to pi 
cipitate out the sucrose in combination with calcium or strontium as 
insoluble sucrate, which is then mixed with water and decomposed 
carbon dioxide or used in the defecation of beet juice instead of lime. 

The elimination of the potash salts may be effected, according 
Kewland's proixxsid, by the addition of aluminum sulphate so as to for 
potash alum, which is ervstallizod out, or by the "osmose" j)rocoiss, 
which the principle of diffusion already referred to (see p. 138) is atr:i 
made use ol. In this case advantage is taken of the fact that the iM)t;i 
salts are the most crvstalline constituents of the molasses, and hencv w 
pass through a shei»t of vegetable i)arc»hment more rapidly than the otlj 
<\)nstituents. So if the molasses warniwl to 80° or 90° C. he made to pa 
in a stream on the one side of such a membrane while pure water iniss 
on the other, the iK>tiish siilts diffust^ through, and are to that decree elinii 
ateil fn>m the molasses. However, the diffen^nee in the rapidity of diffusii 
of the salts and the sueros<^ is not sufficiently great to allow of a vei 
jHTfiVt Si'jxu-ation, so that to avoid loss of sugar the opc»ration must 1 
etopjHxl iH'foiv the elimination i>f s;ilts is ix>niplete. A little more thf 
half of the sugar ran U* i\»ix>vonHl from the molasses in this way. Tl 
apparatus in which this tiiiunioni of the molasses is carried out is kiiov 
as an i>smogene, and is illustraicil in Fig. 5<\ It consists of a numl)er^ 
verN' nan\>w but high and dtvp evils adjoining wich other, the sides c 
which are of pan'hmoiit jvuht. Tlirough alternate cells in this systti 
gixs the heatinl niolass<^, and through the intervening cells the water at tl 
same teni[vratun\ rarh (.>niiKH*ting with lateral I'anals for the supply an 
withdrawal of tlie nsjHH'tive liquids. The onlinarv osmose apj)aratu.so 
the Gerniiin sug-ar-luHisiS is raj>;il>le of working 10iX> kilos, or upwaiti 
of molass<»s jx^r day, and at a it>st of \j\0 marks (oS.4 cents) jkt 100 kil* 
of molasSi»s. The osmosi' supir is M»nu^what darker in color than onliiiar 
aeoiMid or third suirar, hut is ot' pK ascmtrr and swivter taste. The vield o 
process varii^s with th*^ irrado of the molasst^s taken ; a molassc 
mritv coefficient of tit\v-<'iirht to sixtv will vield ten to twelve }h 
iie inolasst»s taken, and one of a inefficient of sixtv to sixtv-five wi 
■Oiteen, or sometinu^s as high as twenty. jH?r cint. By repeating ti 



PROCESSES OF TREATMENT. 



147 



process thriee the yield can be raised to thirty per cent, out of the 
possible fifty per cent, of sucrose contained in tlie molasses. 

Of the method.^ depondiug upon the formation of a lime or strontia 
avicrate, the mo^t inipurtant are tite Scheibler-Seyferth clution process, the 
SteSen substitution and separation processes, and the strontium processes. 

In the first of these processes, finely powdered quicklime is added to 
the molasses, which has Ijcen previously conwntratt'd in vacuo to 84° or 
85° Brix, in the proportion of atwut twentj'-fivc parts of the former t 




Wi hundred parts of the latter. The lime slakes at the expense of the 
water of the molasses, and leaves the triltasic calcium sm'rate in the form 
of a ilrj' porous mass. This is tlien broken up and put into the " elutors," 
vesels which are somewhat similar in design to the cells of a diffiisiun- 
IwHery. The impure sucrate is here systematically washed with thirty-five 
pwoent. alcohol, which dissolves away from it moat of tlie adhering ira- 
poritiea. The washed sucrate is then brought to the condition of a fine 
pssle with water, and eitlier decomposed with carbon dioxide or used 
"letfad of lime in treating fresh beet juice. This pnx-ess taltes out eighty- 
^ve to ninety per cent, of the sugar contained in tlie molasses, but tlie cost 
IS somewhat greater than in the case of tlie osmose process. The alcohol is 
'Wveii'd from the washings by distillation. StefFen's substitution process 
•Ifpends upon tlie difference in solubility of the tricalcium sucrate at high 
»DaW temperatures. Tlie molasses is first diluted so that it shall contain 
'iwiit eight per cent, of sugar, and then caustic lime adcled until some two 
''>tliree per rent has been used. The whole mass is then heated to 115* 
'-■, «'ben the tritnlcium sucrate is precipitated and sejiarated by the use of 
* filler-press. The sucrate is ground up, again filter-pressed, and then 
^ iised in defecating sugar juice. The washings from the filter-press 
■Seil to dilute a fresh quantity uf motasaes to the decree mentioned before. 
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which, treated with lime in the proi>er proportion and heated up, separate | 
the sucrate, which ia treated as before. Aiter about the twentieth operation, , 
the cooled mother- liquors and wash-waters are treated with lime alone, and 
the residual liquors after this treatment are then rejected. In the Steffen ' 
separation process, on the other hand, the molasses solution is kept cold, | 
the temperature not being allowed to rise over 30° C (86° F.). The ( 
molasses is diluted until the density shows 12° Brix, the percentage of 
sugar being then from seven to eight. This solution is cooled down to I 
15° C. (59° F.), and finely-powdenS quicklime is added in small jMirtions 
at intervals of about a minute, the temperature rising a little eat'h time and 
being again cooled down. The mixing of the molasses and die lime, in the 
proportion of fifty to one hundred of powdered lime, according to quali^, 
to one hundred of drj- sugar, in the solution takes place in a closed mixing 
vessel of iron provided with tubes through which cold water is kept cireoi 
lating, and witli a mechanical agitator to mix tlie contents uniformly. Tbi 
insoluble sucrate separates out rapidly in the cold, and the contents of 
mixer A (see Fig. 51) are pumped to the filter-press E, where the suoatt 
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is washed, the mother-liquor, containing all the impurities of the mola 
being put aside for fertilizing purposes, the wash-water, however, beiiu 
collected in F for use in diluting new quantities of molasses. The washed 
sucrate drops from the filter-press into the sucrate-mill G, where it ie mixej 
to a thin paste with water, and then pumped, by means of the monte-jti^ 
H, to the receptacle J. From here it can be sent into the first saturatioa< 
vessel A' and to the filter-press J/, and to the seijond saturation-vessel S 
and the filter-press 0. 

The prot*ss which at the present time is attracting very favoral:w 
attention and seems to give considerable promise is the strontium pro 
In this the sugar is precipitated either as mnoostrontium sucrate, which 11 

S|uite difficultly soluble in the cold, or ns bistrontium sucrate sc-paratii 
rom hot solution. According to Scheibler'e monosucrate procedure, t 
molasses is well mixed with hot saturated strontium hydrate solution e 
the mixture passed over cooling apparatus into cn'stallizing tanks whei 
few crystals of tlie monosucrate are added to start the crj-stallization. 
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ancrate is washed with hot water or with a ten per cent, hot strontium 
solutiou. In order to decompose the sucrate, it is brought in a refrigerating 
chamber and cooled to 10° to 12° C, when, after twcuty-four to seventy- 
two hours' standing, according to temperature, etc., il decomposes into 
arj'stallized strontium hydrate and sugar solution, containing something 
less tlian half ol' the struntia. After filtering off the crystallized strontium 
hydrate, the siigar-lit|Uor is decomposed witli curbun dioxide in the usual way. 

In Germany in 1891-92, 48 sugar-houses extracted by the osmose 
process, 28 by the clution and precipitation process, 3 substitudun, 20 
separation, and 1 strontian process. Osmose produced 509,595 metric 
centners, elution 548,476 metric centners, substitution 22,015 metric cent- 
ners, separation 361 ,149 metric centners, and the strontian process 14,765 
metric centners of sugar. 

4. Keviv'ifyixg op the Bone-black. — The bone-black, or "char," 
after use in the filters, becomes oJiarged with impurities and loses.for the time 
its decolorizing power. It can, however, be restored to at^vJty, or " revivi- 
fied," by suitable treatment so as to be used again for filtration, and this pro- 
cess can be repeated many times before, by the gradual loss of its poroua 
character and change of eomposition, it becomes unfit for use. In working 
sugars from the (ane this revivification is a much simpler process than in 
the case of beet-sugars. In the former case, u'ater as hot as possible is run 
in at the top of the filter, which displaces the sugar solution rexnaiaiug in 
the pores of the char and forms a dilute solution of sugar and the solubU 
impurities taken up from the liquor. This dilute solution is known ai 
" sweet-water," and is usually boiled down in triple effects and run in witl 
the lower-prade products. After running additional hot water through, th< 
filters are drained, and the moist char, after a partial drj'ing, is put into th» 
top of the vertical retorts, in which it is to be heated out of access of ar. 
for the decomposition of the organic matter still remaining in the pores an< 
the restoration of its absorbent power. Various tbrms of char-kilns are ii 
use in different refineries. That shown in Fig. 52 represents one of tlw 
simpler forms of char-kilns. The moist spent black from the filters il 
whiuh it was washed goes on to the floor H, where it is dried by the wast 
heat passing through G and F, and then goes into the openings at J, whicJ 
are kept always heaped up. The black descends in the refort-pipca A froc 
the upper cooler portions into the middle hottest part, and tlien, as portiom 
are withdrawn below, into a cooler section again. The black drawn ofiF behu 
is protected from the air by being received into closed receptacles or at one 
filled info the bone-black-filters. In other forms of kilns, the retorts ai 
rotated slowly by mechanism so as to heat all parts et|ually. 

In beet-sugar refineries the revivifying of the char, as before stated, is 
more tedious process. This is in jjart because the juices and synips hav 
been limed in such excess in the preliminary stages of treatment, and i 
part because the beet juice contains much more albuminoid and oi^ru 
non-sugar, which is absorbed in the pores of the char and cannot be gotte 
rid of by simple washing. The first step in the revivifying, then, in tbi 
ease, is a treatment with a calculated amount of hydrochloric acid to remov* 
the excess of carbonate of lime ; ailer this a thorough waslung of the blacl 
in special washing-machines, such as the Klusemann washer, shown in F'^- 
53 ; then a fermentation to decompose into simpler and-soluble constituent! 
the absorbed albuminoids and otlier organic matter. The fermentation may 
be either what is termed the dry fermentation, in the presence of a vo; 
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small quantity of water, or the moist fi'rmcntation in the presence of a larger 
amuuut The first takes from twelve to t«'enty hours, while the latter re- 
quires from six to seven hours only. The black, after the fermentation, is 
treated with boiling alkaline solutions, washed, and then burned in char-kilns 
as already described. The char seems to improve in filtering power at first, 
OB a consequence of revivifying, but soon loses again and rims down steadily 
in value. This is in large [tart due to the separation out in the pores of car- 
bonized residue from the burning. This carbon has uo decolorizing power 
like the nitrc^nized carbon of the original bone-black, but simply clogs the 
pores of the char and mechanically obstnicts its action. 

IIL Products of Manufacture. 

1, Raw Sugars, — The composition of the juice from both the sugar- 
cane and the sugar-beet has been stated, and the processes for preparing the 
raw sugar from each of these sources. We may now examine more closely 
the character of the products obtained. The raw cane-sugar, made as it is 
chieily in the tropics under a variety of conditions of working, from the 
most primitive to the most highly improved, has come into commerce under 
a great variety of names as well as of vatying grades of purity. The raw 
beet-sugar is usually known as first, second, or third product sugar. (See 
p. 143.) 

Muscovado is a brown sugar produced in the West Indies, generally by 
open-pan boiling, which has been drained in hogslieads or perforated casks, 
and so freed in large part from the accompanying molasses. 

Casaonade is a name formerly applied in the French colonies to musco- 
vado sugars. 

Melada is a moister brown sugar, produced like the muscovado, but not 
drained free from molasses. 

Cbncrde, or concreted sugar, is the product of the Fryer concretor (see 
p. 13.5) or similar form of apparatus, and is a compact, boiled-down mass, 
containing both the cr>' stall izable sugar and impurities which ordinarily go 
into the molasses. It shows little or no distinct grain. 

Qayed mtgars have been freed from the dark molasses by covering them 
in moulds by moist clay, which allows of a gradual washing and displace- 
ment of the adhering syrup. 

Bastards is the name given to an impure sugar gotten by concentrating 
molasses and allowing to crystallize slowly in moulds. 

Jaggery is tlie name given to a very impure East Indian palm-sugar, 
sometimes refined in England, but chiefly consumed in the countrj- of its 
production. 

Demerara crystals are the product of the best vacuum-itan boiling and 
have been well purged in the centrifugals. They have the light yellov 
bloom due to treatment with sulphuric acid. (See p. 132.) 

These Demerara crystals have also been brought to the United States 
with very dark brown color. This, however, was only superficial, and 
was capable of removal by centrifugating with a lighter-colored svnip. 
The dark color was imparted like the yellow bloom by the action of sul- 
phuric acid added in tlic vacuum-pan before discharging the contents of 
the same. 

The composition of a variety of raw cane- and beet-sugars is given in 
the accompanying table : 
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Descbiption of Sytoab. 


Bucrose. 


Glucose. 


Organic 
non- 
sugar. 


Ash. 


Water. 


Authority. 


Cane, Cuba (centrit) . . . 

** Cuba (musooTido) . 

** Jamaica 

" Trinidad 

•• Porto Rioo 

" St Vincent 

Demerara 

*' Benares 

*' Unclayed Manila . . 

•* Concrete 

** Melada 

" Bastards 

Palm, East Indian 

Beet, First product .... 

'* Second product . . . 


91.90 
92.35 
90.40 
88.00 
87.50 
92.50 
90.80 
94.50 
82.00 
8t.20 
67.00 
68.30 
86.00 
94.17 
91.68 


2.98 
3.88 
8.47 
5.14 
4.84 
8.61 
4.11 
2.68 
6.79 
8.45 
11.86 
15.00 
2.19 

• • 
t • 


2.70 
0.66 
1.55 
1.67 
2.60 
2.45 
077 
0.39 
3.24 
1.70 
1.98 
1.20 
2.80 
2.14 
2.49 


0.72 
0.77 
0.36 
0.96 
0.81 
0.63 
1.12 
1.50 
2.00 
1.10 
0.91 
1.50 
2.88 
1.48 
2.92 


1.70 
2.84 
4.22 
4.23 
4.25 
0.81 
8.20 
0.98 
5.97 
4.55 
18.80 
14.U0 
6.04 
2.21 
2.91 


Wigner and Harland. 

W^lace. 

Wigner and Harland- 

Wigner and Harland. 

Wigner and Harland. 

Wigner and Harland. 

Wallace. 

Wigner and Harland. 

Wigner and Harland. 

WalUce. 

Wallace. 

Wallace. 

Wiener and Harland. 

Boaenbender. 

Bodenbender. 



2. Refined Sugars. — The commercial designations of refined sugar 
are very varied. We may distinguish in general between hard sugars and 
soft sugars, the former of which are more thoroughly and carefully dried 
by the aid of artificial heat, while the latter are merely centrifugated, and 
so retain from three to four per cent of water in the traces of syrup ad- 
hering to the sugar. To the former class belongs sugar " crystals," or sugar 
in well-formed individual transparent crystals, which are as pure as rock- 
candy, as well as loaf-sugar in the forms of pulverized, crushed, granu- 
lated, and cube sugars. To the latter belong what are called grocery sugars, 
of which the finest grades are called A sugars, the next B sugars, and so on. 

In Grermany the finest white-beet-sugars are known as "rafBnade," 
inferior grades as " melis" (or Brodzucker), as " pil6," ^°d as " farin," the 
last of which is of inferior grain and color. 

The hard suprs in general all show a sucrose nercentage of ninety-nine 
or over, while the soft cane-sugars and the secona grade beet-sugars show 
from nmety-six to ninety-eight per cent 

3. Molasses and Cane-sugar Syrups. — The molasses may be 
termed the mother-liquor of the crystallized product, the sugar. It is 
never found possible in practice, however, to crystallize all the sugar out or 
to get a molasses which shall not contain sucrose. The potash salts, and in 
a lesser degree the calcium salts, which are present in the crude juice are 
" melassigenic," — that is, prevent the crystallization of a certain amount of 
the sucrose ; the invert sugar, or glucose, operates in the same way, and the 
long-continued heating of the sugar solutions also has the effect of increas- 
ing the molasses. In France, for instance, the rendementy or amount of 
crystallized sugar obtainable in refining of raw sugars, is calculated by 
deducting from the total sucrose twice the glucose, and from three to five 
times the ash. In the case of cane-sugars the ash is not so melassigenic, not 
being so largely composed of potassium compounds as with the beet, and a 
deduction of one and a half times the glucose is considered sufficient to 
allow for that impuribr. 

The experience oi the last few years with sorghum-sugar, as manu- 
fictured by the United States Bureau of Agriculture and several sorghum- 
sogar &ctories in Kansas, has shown that this rule does not apply to 
soighum. Professor Swenson, the chemist of the Parkinson Company at 
Fort Scott, Kansas, finds that in the case of sorghum juice the glucose and 
other solids, known as " non-sugar," prevent only two-fifths of their weight 
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of cane-sugar from crystallizing, so tliat in tlie seasim of 1887, instead of 
tliere being only 61.6 pounds available sugar per ton of eane worked as the 
analyses indicated aecoi-ding to the old rule, as a matter of fact, 130.5 
pounds were obtainwl. 

But with the sugar-cane and the sugar-beet the [wrcentage of sucrose, in 
both the raw molaises produced in the extraction of the sugar from llie 
juice and " refined molasses," the syrup produced in the procees of refining 
is quite large. The comi>osition of the first, second, and third molasses iif 
the Louisiana cane-sugar plantation lias already been given (sec i). 14.5), 
as well as the average com position of lx«t-r(K>t molasses. The following 
analysis of a variety of molasses will fuillier illustrate the differences in 
tlie several grades : 




s™. 


c,.™.. 


AEb. 


Orgintc 
sugar. 


W.„r. 


AuthoHtr. 


1 


Wut Indiui molnjisei . 
Becl-KUgar muluaei . . 


BZ.7 
39.6 

«,7 


•XIA 

lu.a 


i.5 

1S,2 


ajs 

1S.8 




WkUace. 
WalUce. 
W.ll««. 
WalLre. 
J. U. Tucker. 


It will be seen from these analyses that the percentage of sucrose is 
usually much higher in the beet-i-oot molasses, which is explained by the 
lai^e percentage of a.'^h and oi^nic non-sugar. On the other hand, the 
glucose, or invert sugar, is large in the cane-sugar molasses, but ahuost 

contains raffinose, another vaiiety of sugar always present in the beet juice, 
befaine, a nitrogenous base, and proteids. The proportion of salts con- 
tained in beet-root molasses is usually ten to fourteen per cent, wherai! 
refiner's molasses from cane-sugar rarely contains half that proportion. 

Tiie terra green syrup, used above, is given to the syrup centrifiigatfd 
from the second products in the refining process. 

Golden mfmn is produced from a refiner's molasses by diluting, filtering 
through bone-black, and tlien concentrating. 

Treade is the name formerly given to the drainings from the dark 
molasses sugars called bastai-ds. (See p. 152.) 

Cane-sugar molasses, when refined and brought to the condition of 
light-colored syrups, forms a common article oi domestic consumption 
under the genei-al name of table synip. The table syru|>s of tlie present 
tJay, however, cannot, as a rule, claim to be simi>le products of the refining 
process, aa they are almost ahvays largely admixed with the cheaper glucose 
ayrup, and the cane-sugar product in them is often entirely replaced by 
"^s latter. A glucose product, known as " mixing syrup," is quite openlj 
Bold tor this purpose. 

Beet-sugar molasses is not adapted for use as table syrup on account of 
(•■e unpleasant taste and odor, due to the nitrogenous principles present. 
It is, as fwfore dt-scribed, worked for tlie extraction of the sugar, or it is 
fermented for aicofjol. 

4 JVIlscELLAjf^MOS Side-products. — (1) Echauded Remdue from Hit 
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black lias been added for clarifying piirposea. However, it Is generallj- 
ackaowledgctl to iatixxluce error by its absorption of small amuiiots of 
sugar, so that it is now dispensed with, or if used oa the dry filter, the first 
third of the filtratf is rejecti'd and tiie later portions only used. Allen* 
recommends insleud the use of a ten )>er cent solution of sudinm sulphite. 
The tube of the (Hilariscope is now rinsed with the clear sugar solution 
and then filletl with the same, tlie open end closed wiili a smooth ghse 
plate held in place by a brass cap, which is screwed on. The tube con- 
taining the sugar solution is then placed in the instrument, and the lower 
thumb-screw turned until the miiformity of shade in the two halves of 
the field is restored, when the number of degrees (or percentage of cane- 
sugar in tlie Bami)le) is read off on the scale. 

(ft) Presence of Glucose, Invert Sugar, or other Optically Active Sub^ance, 
— The action of acids upon cane-sugar has already been stated to cause in- 
version, — i.e., change of the sucrose into dextrose and levulose. Both these 
varieties of sugars differ from sucrose in their optical power. If, then, these 
alteration products accompany the suci-ose in a cane-sugar sample, the i-esults 
of the polariscope reading may be vitiated. Some writers have held that 
the invert sugar present in raw cane-sugars and syrups is optically inacti^-e, 
but the statement seems to have been disproved by Meissl, Besides, in 
raw beet-sugars and symps, raflinose, a verj- strong dextro-rotatory sugar, is 
found vitiating the readings for cane-sugar. The correction of the original 
polarization in such cases is most generally made by tJie method of inver- 
sion proposed by Clei^et. The direct polarization is taken in the usual way, 
and a part of the solution remaining from the one hundred cubic centimetres 
prepared for tins test is put into a 50-cubic-centi metre flask, which has also 
a 65-cubic-centimetrc mark on the neck. Fifty cubic centimetres havine 
been taken, five cubic centimetres of c-oncentrated hydrochloric acid is added, 
and the whole heated on a «ater-l>atli to 70'* C. for some ten minutes. This 
suffices to completely invert tlje cane-sugar present, while the original invert 
sugar is unacted on. The flask is tiien cooled, and part of the liquid is 
filled into a 220-millimetre tube, closed by glass plates at both ends and 
provided with a tubulnre in the side so that a thermometer may hani 
suspended in the liquid when the obser\'ation is made. The reading will 
generally be much i-educed from the original dextro-rotatorj' reading, and 
may even be some degrees to the left. If, then, S represent tlie sum or 
difference of polariscope readings before and after invei-sion (difference if 
both are to uie right, sum if the second I'eading is to the left), T tbe 
teniiierature of the inverted solution when polarized, and It the correct 

percentage sought, R ^ -^ — '-=. Clerget ha,s also prepared an elaborate 

set of tables which make the use of the formula unnecessary, (See alw 
' under molasses, p. 162.) 

(B) Cliemical Methods. — The only chemical method for the determination 
of cane-sugar ever resorted to is the inversion of the cane-sugar, neutralizin|r 
with sodium carbonate, and detemii nation of tlie reducing sugar so obtained 
by the method to be described under the next head. The inversion take* 
place in definite proportions, so that nineteen parts of sucrose produce twenty 
parts of the invert sugar. When invert sugar is also present in the solutioD 

" Couimercjal OrgHnio AnalyeU, Sd ed.., vol. i. p. 2&7> i 
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18 reduced to metallic copper. It is allowed to cool in the current of hydro- 
gen, placed for a few minutes over sulphuric acid, and then weigheo. A 
table has been constructed by Allihn which gives in milligrammes the 
dextrose coiTesponding to the weight of copper found. 

Other methods for the determination of dextrose are those of Pavy, 
using an ammoniacal solution of the Fehling reagent ; of Knapp, who uses 
an alkaline solution of cyanide of mercury ; of Sachsse, who uses an alkaline 
solution of potassio-mercuric iodide ; and of Soldaini, who uses a solution 
of basic carbonate of copper dissolved in potassium bicarbonate. This last 
reagent has been recently strongly commended as better than Fehling's 
solution, in that it is more sensitive to glucose and is much less affected by 
cane-sugar even after prolonged boiling.* 

3. Analysis op Commercial Raw Sugars. — Eaw sugars contain, 
besides the cane-sugar, invert sugar, moisture, mineral salts, organic non- 
sugar, and insoluble matter. Raw beet-sugars contain, in addition to the 
sucrose and glucose just mentioned, small quantities of raffinose, a variety 
of sugar found in the beet juice and present in all the products from it 

The cane-sugar present is partly crystallized and partly uncrystallizable. 
Both are, of course, counted together in the polarization figures, but only the 
first is capable of extraction in the refining process. The method of esti- 
mating the crystallized cane-sugar for itself will be described later on. The 
polarization methods have already been described. In raw sugars containing 
much invert sugar, such as those from the cane, the double polarization (be- 
fore and after inversion) is alone to be relied upon. 

The methods for glucose have also been described. 

The determination of moisture is made by taking five grammes of the 
sample and drying it spread out on a weighed watch-crystal in an air-bath 
at 100° to 110° C. until it ceases to lose weight. As sugars containing much 
glucose cannot stand the heat without some alteration, in their case a lower 
temperature (60° to 90° C.) is used. For very syrupy sugars and melados 
it becomes necessary to dry with the addition of a weighed amoimt of 
clean sand. Dr\'ing in a vacuum is also practised in many cases, as the 
operation is shortened and less risk of alteration exists. 

The mineral salts are determined as ash. The following analyses give 
the average composition of raw cane- and beet-sugar ash according to Monier : 

Cane-sugar. Beet-sugar. 

Potassium (and srxiium) carbonate 16.5 82.2 

Calcium carbonate 49.0 6.7 

Potassium (and sodium) sulphate 16.01 ^11 

S(>diam chloride 9.0/ 

Silica and alumina 9.5 None. 

100 100.0 

Owing to this decided difference, it is much easier to get the ash of cane- 
sugars completely bunied and in weighable condition than that of beet- 
sugars, which contain so much of the deliquescent and alkaline carbonates. 
To obviate this difficulty, Scheibler proposes to treat the sugar with sulphuric 
acid before i<^nitinp: it, by which means the ash obtained contains the bases 
as non-volatile, difficultly fusible and non-deliquescent sulphates instead of 
as carbonate's. A deduction of one-tenth of the weight of the sulphated 
ash must be made in this ease for the increase due to the sulphuric acid. 

* Bodenbender and Scheller, 2^itschrift fiir Kiibenzucker, 1887, p. 138 
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weighed as sulphates instead of as carbonates, tlie proiwr correction being 
made. The organic non-sugar is simply taken by differenoe as with raw 
sugars. The determination of raffinose in raw beet-sugars, and particulaj-ly 
iu beet-molasses, has attracted much attention in recent years. Creydf 
has suggested a way lor determining it in the presence of cane-sugar in con- 
nection witli the method of inversion. He finds that while cane-sugar 
polarizing 100° to the right before inversion polarizes 32° to the left 
after inversion, a change of 132°, raffinose changes from 100° to 60.7' 




only, a change of 49.3°. He projKtses two formulas: A^z-\-l.51 R,and 
c= 1.322 -f- 1.57 R X .493, in which A is the direct iwlarization, c the 
polarization after inversion, z the percentage of cane-sugar, and i? that of 
raffinose. From these formulas, A and c being known, z and fl can \)e 
found. The reading after inversion must be taken uniformly at 20° C. 
5. Analyses of Sugar-canes and Sugar-beets and Rv* 



Juices therefrom. — The very different physical characters of the 



suga« 



* Zeilschrift fur Bubetiiucket 



vii. p. 168. 
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^B are then transferred to a weighed crucible and ignitefl. The insoluble resi- 
^H due, taken from the previous weight, minus the weight of the filter, gives 
^H the amount of i-arbon. The estimation of carbonate of lime in ease the 
^V char is used with cane-isugar or juices is of much less impoilance than when 
the char is used with beet-augars or juices. In the Ibrmer case, the per- 
centage decreases at first, and then remains nearly statiooarv, in the re])eat^ 
use of the char, while in the latter case it would increase steadily, because of 
the more thorough liming and carbonatation to which the beet juices are 

» subjected, were it not for the treatment with hydrochloric acid in tlie revivi- 
fying of the char. (See p. 150.) To allow of the proper judgment in this 
use of hydrochloric acid, it becomes necessary in beet-sugar working to 
determine carefully the amount of carbonate of lime taken up by the char 
in using before starting the revivification. It is almost universally done at 
present by the aid of the Scheibler apparatus, shown in Fig. 56. The nor- 
mal quanti^ of pulverized char (1.702 grammes) is placed in A, and the 
tube 8 filled with acid tu the mark is carefully placed in the bottle. E is 
then filled with water, and tJie operator, by means of the com press ion-bulb, 
forces the liquid into D and C, which connect at the base, until it reaches a 
little above the zero-jwint in C, when it is allowed to flow out by opening 
the pinchcock at p until the level in C is at zero. The stopper now being 
pla<4d in A, a connection with B is made by the tube r. If the level of 
the liquid in D and C are then uneiiual. the equality may be restored by 
opening the cock a for a few seconds, and which for tlie rest of the opera- 
tion remains closed. The vessel A is now held, as shown in the cut, so that 
the acid may come in contact with the char, and the bottle gently shaken to 

■ cause the acid to thoroughly mix with tlie assay. The pressure of the gas 
evolved distends the rubber bag in B and depresses the column of water h 



C. The stopcock II is now opened to allow the water in D to floM- out suffi- 
■ J keel '■'■"■ ^ 
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ciently rapidly to keep the level in C and D as near the same as possible 
during the progress of the determination. When all the gas has been given 
off and the level of the liquid in C becomes stationary, p is closed, after 
bringing the water in D to the same level as that in C, and the volume and 
temperature read off. A set of tables accomjmnying the instrument gives 
the percentage of carbonate of lime from the volume and temperature read- 
ings. Assuming seven per cent, to be the normal amount of carbonate of 
lime in the char, any excess, as shonii in this determination, can have its 
equivalent in hydrochloric acid of known strength calculated, and thus the 
acid treatment in the revivifying process can be made accurate. 

In determining specific gravity, both apparent and real specific gravity 
(the latter after boiling the char with distilled water to displace air) are to 
be taken. 

(6) Of Scums, Press-cakee, and Sucraieg. — In the case of the scums and 
press-cakes obtained in the manufacture of raw sugars, their chief value is in 
the lime salts they contain, which, notably in the case of beet-sugars, adapt 
them for use as fertilizing materials. They, however, contain such amountsof 
sugar, either mechanically held, or, where the carbonatation process has been 
used, as sucrates, as make it necessary to regnlarly determine the sucrose in 
them. In tlie case of the thin scums from cane-sugar working, the determina- 
tion can be made exactly as with an impure juice before described. In the 
case of the heavier press-cakes from beet-sugar working, resulting from car- 
booatation, the procedure is different. Here the sucrate of lime is to be de- 




composed ifpossiblewithout decomposing the large amount of accompanying 



late of lime. This is done by careful luMitioD nf aeetic acid, oon- 
■olling the reaction with phenol -jdilhalern. For details of this process, 
rst proposed by Sideraky^ see Fruhliug and Schiilt2, "Aoleitung zup 
' r Untersuchungen," 3d ed., p. 171. 




KTite-5, ri'.-iiiUiii); i'ruui Ur' vvDrkiiiff i.l im il;in,-i.s i'ur fiifr^r by either of 
le lime or stroutinm processes {see p. 1-17), are analyzed by a somewhat 
milar procedure, using strong awtic acid tn get the sngar free from ite 
wabination with the lime or struutia and phenul-pbthalein as an indicator. 
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The excess of acid is afterwards neutralized, lead solution added, the solu- 
tion brought to strength, and polarized. (Ibid., p. 155.) 
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STATISTICS. 

1. Production of Sugar from the Cane. — The total production 
of raw sugar from the sugar-cane for the last two years is thus estimated 
by Willet and Gray : 

1898-99. 1899-1900 (estimated). 

Tons, Tons. 

Cuba 345,261 440,000 

Porto Rico 53,825 60,000 

Louisiana 224,000 132,000 

Trinidad (export) 53,486 45,000 

Barbadoes (export) 42,000 35,000 

Guadeloupe 40,000 30,000 

Havti and St. Domingo 60,000 55,000 

Other West Indies 103,000 104,000 

Mexico and Central America 22,000 24^000 

Demeram and Surinam 81,000 81,000 

Peru (export) 110,000 100,000 

Argentine Republic 80,000 90,000 

Brazil 151,495 IW.OOO 

British India (export) 10,000 10,000 
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THE IITDUSTHIES OP STARCH AND ITS ALTERATION PRODrCTS. 

I. Raw Materials. 

Starch is one of the most ini|x)rtant, as well as most \vide!y owiirriog, 
productions of the vegetable kingtlum. It constitutes, cither when extracted 
from vegetable raw materials, or more generally in admixture with the 
other plant wjnstituents, the staple article of food for the great bulk of the 
human race. It is only necessary to call attention to the fact that the prin- 
cipal cereal grains used throughout the world for food contain stareh as 
their chief ingredient, and that the tubers of many plants and the stems and 
roots of some trees also yield starch in great abundance. 

The most complete enumeration ana classification of starches is that of 
Muter as amplified by Allen* and Blyth.f by which they are divided into 
five groups on the basis of their physical and microscopical differences, as 
follows : 

I. The potato group includes such oval or ovate starches as give a play 
of colors M'hen examined by jKtIarized light aud a selenite plate and having 
the hiliim and concentric rings clearly visible. It includes tout ha mois, or 
canna aiTow-root, potato starch, maranta, or St. Vincent arrow-root, Xatal 
arrow-root, aud curcuma arrow-root. 

II. The legwminoua starches comprise such round or oval starches as give 
little or no color with polarized light, have concentric rings all but invisible, 
though becoming apparent in many cases on treating the starch with chromic 
acid, while tiie nilum is well marked and cracked, or stellate. It includes 
the starches of the bean, pea, and lentil. 

III. The wheat yroup comprises those round or oval starches having 
both hilum and concentric rings invisible in the majority of granules. It 
includes the starches of wheat, barley, rye, chestnut, and acorn, and a variety 



of starches from medicinal plants, such as jalap, rhubarb, senega, etc. 

IV. The sago group comprises those starches of which all the granules 
are truncated at one end. It includes sagu, tapioca, and arum, togelierwith 



the starch fi-om belladonna, colclitcum, scammony, jMxlophyllum, c^anella, 
^V aconite, cassia, and cinnamon. 

V. The rice group. In this group all the starches are angular or polyg- 
onal in form. It includes oats, rice, buckwheat, maize, dari, pepper, as well 
as ipecacuanha. 

In addition to the differences in form and marking mentioned above, the 
etarch-granules differ in size according to their different sources, so that 
under tiie microscope they can Ite distinguished by the measurement of tiie 
average diameter of the granule. This "ranges, according to Karmarscb, 
from .01 to .185 millimetre, or from .0004 to .0079 inch. 

^^ «Com. Org, Anal., Sdud., vol. i. p. 335. t Ulylh, Foodi, Compos, and Anal., p. 189. j 
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For practical purposes we may now speak of two classes only of these 
starch-containing materials^ — viz., the cereals and the plants in which the 
starch is extracted from tubers, roots, or stems, such as potatoes on the one 
baod^ and the West Indian starch preparations, like arrow-root, sago, and 
tapioca, on the other. As before stated, starch is the chief ingredient in the 
cereals, but not at all the only one. The composition of the more impor- 
tant cereals is thus given by ^11 :'*' 



p 



COKniTUKMTS. 


Wheat 
Winter 
sown. 


Wheat. 
Spring 
sown. 


Long- 
eared 
barley. 


English 
oats. 


Maize. 


.Rye. 


Carolina 

rice 

(without 

husk). 


Fkt 


1.48 

68.71 

2.57 

10.70 

4.88 

3.08 

1.60 

12.08 


1.56 
65.86 
2.24 
7.19 
4.40 
2.93 
1.74 
14.08 


1.03 
68.51 
1.84 
8.18 
3.28 
7.28 
2.32 
13.06 


5.14 
49.78 

2.36 
10.62 

4.05 
13.53 

2.66 
11.86 


8.58 
64.66 
1.94 
9.67 
4.60 
1.86 
1.35 
12.84 


1.43 
61.87 
4.30 
9.78 
6.09 
8.23 
1.85 
12.45 


0.19 

77.66 

0.38 

7.M 

1.40 

Traces. 

0.28 

12.16 


Starch 


Sonr (u BUCToae) 


Albamen (intoluble in alcohol) 

NltronQoaa matter (soluble in alcohol) . 
CdlaTose 


Moiitiire 




ToiMl 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 





Tlie chemical formula of starch is (CeHioOa)^. According to Tollens, 
confirmed by Mylius, it is C^H^Ojq ; according to Brown soluble starch 
is CujHjpqOjoo, while for the ordinary variety he proposes C,8oH3oqOu(^ Nageli 
stated that by subjecting the starch-granules to the slow action of saliva, 
salt solutions, and dilute acids two su&tances could be shown to be present, 
granvlo^ej which dissolved, and cellulose (or, as it has been called, farinose)^ 
whicji remained. Arthur Meyer considers that there is only a single sub- 
stance originally present, and that the cellulose, or farinose, which remains 
is a deoompoeition product of the starch. 

Air-dned starch always retains from eighteen to twenty per cent, of 

water. It is soluble in cold water, alcohol, ether, ethereal and fatty oils. 

When it is heated with twelve to fifteen times its bulk of water to 55° C, it 

begins to show signs of change, swelling up, and at a temperature of from 

70° to 80° C. (or even below 70° C. with some pure starches) the granules 

burst and it becomes a uniform translucent mass, known as '^ starch-paste," 

which is not, however, a solution, as the water can be frozen out of it. 

Boiled with water for a long time it goes into solution, one part dis.solving 

in fifty parts of water. The action of heat upon starch is to change it 

gradually into dextrine^ which is soluble in cold water. 

One of the best known of the reactions of starch is the formation of a 
blue color with iodine. This is supposed by some to be merely a physical 
combination, but more generally believed now to be a chemical compound. 
Mylius finds that it contains about eighteen per cent, of iodine, partly as 
hydrogen iodide, and gives it the formula (C24H4(,02oI)4HI. Seyfert, accept- 
ing the same formula for starch, considers that the iodine compound pos- 
sesses the formula (Cj^H^oOjo^gly, which requires 18.61 per cent, of iodine. 
It is not very stable, being decomposed by water on heating. Neverthe- 
less, the blue coloration is constantly availed of to note the presence or 
gradual disappearance or alteration of starch in many technical processes. 

* Bell, The Analysis and Adulteration of Foods, Part ii. p. 86. 
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The action of dilute acids upon starch brings about the change known 
as "hydrolysis," and there is produced dextrine, CuH„0,o, and dexfrose, 
CjHijOg, the latter eventually as sole product. Many ferments, like saliva, 
the pancreatic ferment, and especially the diastase of malt, produce in 
star(;n a somewhat similar change, and yield maltose, CiiH(,0,i, and a nunilx-r 
of intermediate products between tiiis and starch, A great deal of investi- 
gation has been devoted to these intermediate products, and as yet no abso- 
lute i^reement has been reached on the subject. The following is the series 
of products obtained in this hydrolysis of starch as stated by Tollena : * 

Starch gives a blue i'ldine reaction. 

Soluble sturch (luiiylodextrine) . . . . gives a blue iodino rcBotion. 

iervtbrodei trine gives a violet and red iodine reaction, 
acbroodextrine givea no iodine reaction, 
maltodex trine gives no iodine reai'liun. 

Maltoeo reduces Fehling'BSi)lution, but not Burfoed's reagent. 

Doxtnse reduces Fehling's solution, and also Biirfoed's reacenl. 

Other chemists notably increase the list of these intermediate products. 
The existence of erjthroaextrine as a distinct compound is doubted by 
some investigators, who consider it to be merely a. mixture of achroo- or 
maltodextrine \vith a little soluble starch, such a mixture giving a violet 
rea<ition with iodine. By over-treatment with acids nnfermentable carbo- 
hydrates, of a character differing from any of the products named, appear 
to form. The name gaUmn has been given to a compound of this Kind, 
and the formula C'ljHjjOm ascribed to it. For a description of the con- 
ditions of its ibmiation see later (p. 178). 

Strong nitric acid in the cold acts upon starch, producing nitro deriva- 
tives, such as mono-, di-, and tetra-nitro-amylose, collectively known aa 
xyloidin. Alkalies and alkaline earths form combinations with starch, 
the barium and calcium compounds being insoluble, of which advantage is 
taken in the Asboth method for determination of starch. (See p. ISO.) 

n. Processes of Manufacture. I 

1. Extraction and Purifvisg of thk Staroh. — Of the various j 
Btareh-contatning materials before enumerated, only a limited number are | 
actually utilized for the extraction of the starch in a pure condition, — viz., 
maize, wheat, rice, potatoes, and arrow-root. In the United States by far ' 
the greater amount is obtained from maize, or Indian corn, a limited amount j 
only being extracted from wheat. In Eurojie, on the Continent, potatoes 
aerve as the chief starch-producing material, some also Ijeing extracted from 
wheat and some from rice, while in the West Indies arrow-root starch is 
manufactured at St. Vincent and elsewhere. i 

In the manufacture of corn starch, after winnowing or cleansing the i 
corn by powerful fans, it is placed in larce woixlen steeping- vats, htuding 
from one thousand to six thousand bushels. It remains here covered with 
water at a temperature not exceeding 140" F. for from three to ten days, 
the water being, however, renewed every six hours, and care being taken 
to prevent any development of fermentation. In the Durgen system, as 
practise*! at the Glen Cove Starch Works, a continuous stream of water, 
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leated to 140° F., flows for three days at the rate of ten thousand gallons per 
lay through each tank, after which the corn is suiSciently softened. The 
oftened com is now ground between burr-stones, a stream of water running 
^ntinuously into the hopper of the mill. As it is ground, the thin paste 
s carried by the stream of water upon the shakers, or sieves. These are 
either revolving sieves or horizontal square shaking sieves. The starch-con- 
aining magma is generally reground, and then the paste is passed over the 
itarch-separators. These are inclined sieves of silk bolting-cloth, which are 
cept in constant motion and are sprayed with jets of water. The starch 
masses through the bolting-cloth with water as a milky fluid, while the 
joarser cellular tissue, or husk, of the corn is left behind. This residue is 
)ressed to remove water, and sold as cattle food. The water from the 
shakers holding the starch in suspension is run into wooden vats, where the 
starch settles, and the water is drawn off and discarded. The starch is next 
horoughly agitated with fresh water, to which a caustic soda solution of 
r^ to 8° Baum^ has been added, until the milky liquid has changed to a 
jreenish-yellow color. The object in adding the alkali is to dissolve and 
■emove the gluteu and other albuminoids, oil, etc. After suiScient agita- 
ioD and treatment with alkali, the separated starch and glutinous matter is 
illowed to deposit, the supernatant solution of gluteu, oil, etc., is allowed 
o run to waste, and the impure starch washed and agitated with water. It 
3 allowed to stand at rest for fifteen to twenty minutes to permit insoluble 
gluten to subside, when the top one of a series of plugs arranged in the 
>ide of the vat is withdrawn, and the starch suspended in water allowed to 
low by means of a gutter into subsiding-vats placed below ; then the next 
ower plug is drawn, and so on until the last plug has been drawn. The 
>lug8 are replaced and the vats again filled with water, and the operation 
"epeated as before. This operation, called the siphoning process, is gener- 
illy repeated three times, and the three runnings of starch are collected in 
hree separate vats, forming the three grades of starch of the factory. These 
hree grades of factory starch are again agitated with water, sieved through 
)olting-cloth, and run finally as purified starch into wooden "settles." 
ifter it has been compacted suflSciently, which is effected in boxes with 
)erforated bottoms, it is cut into blocks and dried upon an absorbent sup- 
>ort of plaster of Paris while heated in a current of warm air. In drying 
►ut thoroughly, any remaining impurities come to the surface with the 
scaping moisture and form a yellowish crust When this is removed, the 
nterior is found to be perfectly white. The results on a bushel of fifty- 
ix pounds of com are tnus stated by Archbold : * 

Starch recovered 28.000 pounds. 

Dry refuse for cattle food 13.700 *' 

Bran (in cleansing process) 0.728 *' 

Moisture of the com 5.626 " 

Loss (albuminoids, oil, etc.) 7.946 '* 

66.000 " 

In the Jebb process for the manufacture of starch from Indian com, 
ecently introduce^l, the use of alkali is entirely avoided, and the treatment 
hortened and simplified by eflTecting a mechanical separation of both the 
losk and the germ of the corn before the starchy part of the corn is ground. 

* Journ. Soc. Cheni. Ind., 1887, p. 82. 
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The ground husk and germ containing the gluten, albnminoids, and oil 
are sold fur cattle food, while the starch in a high state uf purity is sepa- 
rately ground and prepared. 

In manufacturing starch from wheat two quite different processes are 
followed, according as the gluten is to be obtained as a side -pi-oduct or not. 
In the process seiierally known as the " sour," or fermentation, process, the 
gluten 19 wasted. In this proces.s the wheat is steeped in tanks until tJior- 
oiighly softened, then cnished in roller-mills, and planxl for fermentation 
in Taree oaken cisterns. The temperature is here maintained at about 20° C, 
and the operation lasts some fourteen days, the mass being well stirred dur- 
ing its continuance. The sugar of the wheat and a jiart of the starch are 
converted into glucose, which undei^oes alcoholic fermentation, and passes 
by oxidation into the acetous fermentation also, acetic, propionic, and lactic 
acids l>eing formed. These rapidly attack and dissolve the gluten, liberating 
the starch-gran lUes. The impure liquor is drawn off from the starch mass, 
and the latter is washed, either in hemi>en sacks while being trodden under 
foot or in drums with perforated sides. After repeated washings and set- 
tlings and renewed sieving through fine hair sieves the starch is sufficiently 
ptu'ified. Wheat starch is also obtained from wheat flour without fermenta- 
tion by what is known as Martin's process, in which a stiff dough is made 
of the flour. This is then washed in a fine sieve under a jet of water till 
all the starch has escaped as a milky fluid. This leaves the gluten, of which 
about twenty-live per cent, of the weight of the flour is gotten suitable for 
use in the manufacture of macaroni, or to be used instead of albumen or 
casein in calico-printing. 

In the manufacture of potato starch, the potatoes are washed and then 
pulped by a grating or rasping machine. The grated mass, made into a 
paste with water, then goes at once into the sieving machine, where it is 
rubbed by revolving brushes against the wire or hair sides of the rotating 
cylinder, while a current of water is continuously washing out the line starch 
from the pulp. The sifted and washed starch deposits in lar^ tanks, where 
it is repeatedly washed by citation and settling with fresh waters. It ia 
then spread out on absorbent slabs to dry, or is dried in centrifugals or filter^ 
presses. 

2. Manufacture op Glucose, or Ghape-sugar. — As stated on a 
preceding page, Wie action of dilute acids converts starch into dextrine, 
maltose, and dextrose, the last of which becomes by continued action the 
sole product. As it is also the most important product of this action of 
acids, we shall take it up first. The purified starch obtained as described Id 
the preceding section, while yet moist, ia taken for the treatment with acids. 
The " conversion" is accomplished in either open or closed converterei, or 
(Kirtly in one and mrtly in the other. The open converters are wooden 
vats, generally of tnree thousand to four thousand gallons capacity, and 
serve to treat the starch from one thousand bushels of corn. They are pro- 
vided with copper steam-coils, either closed or perforated. Sulphuric acid 
is generally employed in the conversion, though other acids have been uk^ 
The quantity of the acid employed varies with the object of the manufao 
turer. For the production of "glucose," a liquid product which contains 
much dextrine, a smaller quantity is used than when solid " grape-sugar" is 
to be produce<l, in which tue conversion into dextrose is much more com- 
plete. The proportion varies from one-half (wund oil of vitriol to one and 
a quarter pounds per hundred pounds of starch. When the ojwn converter 
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is u^-d, a few incbes of water is introduwl and the acid added, or half the 
acid luav bo addt-d to the starL'h mixture. Tlie acid water i.s brought to a 
boil, and tlie staix-h, previously mixed with water to a gravity of from 1 H° to 
2P Baiime, is slowly pumped in, keeping the liqnid constantly lioiling. 
When all the starch has been intRxInced, the whole is boiled nntil the iodine 
l«!t ceas^ to give a blue color and shows a dark cherry color. The boiling 
is usiiallr coutinued for about lour hours. The closwl convertei'a may lie 
made fmm strong wooden vats or may be of copiwr ; liiey are provided with 
safety-valves, and are made of suHlcieut strength to stand a ]tressure of six 

atmospheres. Fig, 
67 sliows file form 
first introduced in 
this country by T. 
A. Hotl'maun, while 
Fig. 58 shows the 
form proposed by 
Maubi^ in Lon- 
don. Intbiscase the 
starch is mixed with 
water to a gravity 
of from II'* to 16° 
Baumfi. This with 
the acid is intro- 
duced into the onn- 
verter, and the whole 
is heated under a 

iiressure of from 
brty-five to s e v- 
enty-five pounds per 
square inch. The 
time required for 
the conversion i s 
much shorter than 
in the ojten con- 
verters. The use of 
open and closed con- 
verters succesaively is often resorted to. The starch and water of a gravity 
of lo° or 16° Baum^ is first boiled in the open converter for from one to 
two hours, then transferred to the closed converter and boiled under a press- 
ore of from forty-live to seventj'-five i»ounds per square inch. The time of 
this boiling varies from ten minutes to half an hour. 

When the starch has been sufficiently converted, according to the product 
desired, the liquor is nm into the neutralizing- vats. Here a sufficient quan- 
tity of rojirble-dust is added to completely neutralize the sulphuric acid, A 
littip fine Iwine-black is generally addetl at the same time. It is then allowed 
ti) a»A and dejwislt the sulphate of lime. The liquor having a gravity of 
12° to 18° Bnum^, and known as " light liquor," is next filtered through bag 
filters of cotton cloth or filter-presiies. In many establishments the liquor 
is now treated with sulphurous acid gas to prevent fermentation, and prob- 
ably to some extent to act .is a bleaching agent. It is then filtered through 
bijne-black, by which it is decolorized and at the same time freed from vari- 
ous soluble impurities. Concentration is tbenefiected in the vacuum-pan at 
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a temjierature of about 140° F. until it has a gravity of from 28° to 30° 
Baiuub, when it is utllecl " lieavy liquor." A second bag or filter-press 
filtration is now resorte<i to in many iactoriea to remove the sulphate of lime, 
■which separates out at tliis degree of concentration. It is then filtered a 
^^ second time through bone-black to secure complete decolorization and puri- 
^^m ficatioQ. The final concentration is efTected by boiling tlie liquor in the 
^^M vacuum '"" " ■ f"' - 

^^^ the con 



vacuum-pnn until it reaches 40° to 42° Banm& That product in which 
the conversion has been least complete remains liquid, and is called " glu- 
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coee" in the trade ; that which is ready to solidify is known as " grajje- 
Bugar," Dr. Amo Behr has patented a process for obtaining the solid grape- 
sugar in pure cnstals. Wliile it is still liquid there is added to it a small 
quantitj- of ci-v- stall! zed anhydrous dextrose. The mixture is filled into 
moulds, and in about three days it Is found to be a solid mass of crystals 
of anhydrous dextrose. The blocks are then placed in a centrifugal machine 
to throw out the still liquid syrup, and the anhydrous dextrose remains as 
_ajyy9talliiie mass. 

3. Manufacture op Mai^tose. — By the action of the diastase of 
malt upon starch ts formed mainly maltose. Dilute sulphuric acid will 
convert this by prolonged boiling into dextrose, but diastase alone will not 
so convert it. The manufacture of maltose on a large scale as a prejjara- 
tion (or use in beer-brewing to simplify the prejiaration of a suitaole wort 
has been attempted by several. Dubnmfaut and Cuisinier jiatented a pro- 
cess in 1883 for preparing maltose, either as syrup or crystallized, by the 
following procedure ; One part of green or partially dried malt is warmed 
with two to three parts of water, digested for several hours at 30° C, and 
afterwards filter-pressed to obtain an " infusion" of malt One part of 
stardi-flour is then suspended in two to twelve jiarts of water, and five to 
ten |ier cent, of iufusion added, the whole gradually warmed to 80° C, then 
heated under a pressure of one and a half atmospheres for thirty minutes^ 
quickly cooled to 48" C, and treated with five to twenty per cent, of infu- 
sion and hydrochloric acid (from six to bventy-five cubic centimetres of acid 
per one hundred litres). After one hour the mass is filtei'ed through filter- 
paper fastened upon linen cloth. The solution is allowed to stand at 48* C. 
for twelve to fifteen hours, then concentrated to 28° B., filtered, again ctincen- 
trated to 38° B,, filtered through animal charcoal, and allowed to crystallize. 
A saini>le of the syrup made from eom-starch by the Brussels Maltose Com- 
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pany working under this patent was analyzed by Marcker,* and found to 
contain 19.8 per cent water, 78.7 per cent, maltose, 1.5 percent, non-sugar, 
and no dextrine. The process is, however, said to have failed as yet of 
commercial success. Saare,t who has I'ecently investigated it, shows that 
the complete conversion into maltose only takes place with weak mashes, and 
he concludes from his results that the process is not suitable for German 
distilleries under the present conditions. O'Sullivan and Valentin ;j: have 
also patented a process for producing from starch, or stanJi-yielding sub- 
stances, preferably from rice, a compound solid body, which the inventors 
term " dextrine-maltose," consisting of the same projx)itional quantities of 
dextrine and maltose as are ordinarily obtained from malt by a proj)erly-con- 
ducted mashing process, and which it is intended should i'e])lace a ix)rtioD 
of the malt used in brewing. For details, see original article. Perfectly 
pure maltose can be obtained by Herzfeld's process of repeatedly extracting 
with alcohol Crom the syrupy product of the action of malt upon starch. 
The alcohol precipitates the dextrine, but dissolves the maltose, which can 
then be obtained in crystalline condition. 

4. Manufacture of Dextrine. — This may be effected by acting upon 
starch with heat alone, by the action of dilute acids and heat, or by the 
action of diastase. The first and second of these methods are followed in 
preparing the solid product. In the manufacture by heat alone the limits 
of temperature are 212° to 250° C, although Payen says that 200° to 210° 
C. proauces the most perfectly soluble dextrine. The starch is heated in 
revolving drums, which are fi-equently double-jacketed, and contain oil in 
the outer space in order to insure uniform heating. After the moisture is 
given off, the loss of weight in roasting is small, two hundred and twenty 

Sounds of starch giving one hundred and seventy-six pounds of finish^ 
extrine. 

In the manufacture by the aid of acids the starch is mixed with dilute 
nitric or hydrochloric acid so as to form a damp [)owder. This is exposed 
to a temperature of 100° to 120° C. until the transformation is complete, 
which can be determined by applying the iodine test from time to time. 
The process must be ari*ested promptly when the starch is all changed, or 
the oextrine will pass rapidly into glucose. Oxalic acid is also sometimes 
employed in the manufacture of dextrine. 

5. Manufacture OF SuoAR-coi^RiXG {Caramel, or Zucker-couleur). — 
Very considerable quantities of an artificial coloring material for use in 
coloring beer, rum, cognac, and high wines is made on the Continent of 
Europe from starch. For the manufacture of rum and cognac coloring, 
starch is treated with dilute sulphuric acid, as before described for the manu- 
ficture of dextrose and dextrine mixtures, but the heating is continued until 
all the dextrine has been changed into dextrose, as determined by taking a 
sample from time to time and testing it with an excess of ninety-six per cent, 
alcohol. When no longer any turbidity from sejiarated dextrine shows, the 
reaction is considered as finished. The sulphuric acid is then neutralized 
with carbonate of lime, and after sufficient standing the clear liquor is run 
off from the precipitated sulphate of lime. It is now concentrated to 36° 
B. and filtered. The hot filtrate is then run into a vessel provided with 

* Jahresber. der Chem. Tech., 1886, p. 613. 
t Dingier, Poly tech. Journ., 266., p. 418. 
X Journ. Soc. Chem. Ind., 1888, p. 446. 
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mechanical agitation and heated to boiling, when crystallized soda salt (three 
kilos, of soda to one hnndi'ed kilos, of sugar solution) is added in small por- 
tions at a time. The contents of the kettle froth and must be continuously 
stirred. White and inflammable vajx>rs are given off and the color rapidly 
deepens. The heat is now gradually lessened to prevent carbonizing of the 
contents of the vessel, and the color is tested. A drop chilled by being 
dropi)ed into water should harden and be brittle and should taste bitter. 
The contents of the kettle are then cooled at once by nmning in hot water. 
When the production of the color is completed, the contents of the kettle 
are extracted Avith water, filtered to remove carbonized particles, and then 
tested as to quality. The coloring is made in several grades or depths of 
color, which ai^e also differently soluble, the one in seventy-five per cent 
alcohol and the other in eighty per cent, alcohol. For beer- or wine-coloring 
it is not necessary to be so careful to use a glucose freed perfectly from 
dextrine, and, instead of soda, ammonium carbonate is taken. The product 
is soluble in water, but not so readily in alcohol. 

m. Products. 

1. Starch. — The proj^erties and action of reagents ujx)n starch have 
ali'eady been noted in speaking of it as a raw material. It is only necessary 
to subjoin a few analyses of commercial starches in order to show the char- 
acter of that usually obtainable. Those of potato and wheat starch are by 
J. Wolff, as quoted in " Wagner's Chemical Technology," and those of com 
starch are by Dr. Archl)old, as given by him in the "Journal of the Society 
of Chemical Industry," 1887, p. 188. 



Percentage Composi- 
tion. 


Potato 
starch. 
(Wolff.) 


Wheat 
starch. I. 
(Wolff.) 

83.91 
0.10 
1.44 
0.03 

14.52 


Wheat 1 Corn 
starch, II. 1 starch, I. 
(Wolff.) (Archbold.) 

i 


Corn 
sUrch. II. 
(Archbold.) 


Com 
starch. III. 
(Archbold.) 


Starch 

Gluten 

Cellulose 

Ash 

Water 


83.59 

• • • 

0.60 

0.58 

15.38 

100.00 


79.63 
1.84 
3.77 
0.55 

14.20 


98.50 

• « • 

' 0.30 
1.20 


92.88 
1 2.38 

0.60 
4.14 


90.33 

1 4.25 

0.66 
4.77 


Total 


100.00 


100.00 


100.00 


100.00 


100.00 

i 



2. Glucose and Grape-sugar. — Starch-sugar appears in commerce in 
a great variety of grades and under a similar variety of names. As already 
said, in the Unitc'd States the name glucose is in general applied to the 
licjuid products, while that of grape-sugar is given to the solid products. 
In France, where large quantities of similar products are manufactured, the 
licjuid pro<lnct is known as " sirop cristal" and the solid product "glucose 
nia.<s6." The following analyses show the composition of the commercial 
j)r(Klucts, the first five l)eiiii:z: American products as examined by the Coni- 
niittceof the National Academy of Sciences,* and the last tw^o being French 
as examiiKKl by L. von Waii-ner : t 

* R«'pnrt on (iluc<»>e, AVashinii^ton, 1884, p. 22. 
t Dini^lcr, I'ulytoch Juurn., 266, p. 470. 
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PKBCBirTAOB COMPO- 

smoN. 


I. 

Glucose 

solution. 


11. 
Glucose 
solution. 


III. 
Glucose 
solution; 


Solid 
grape-sugar. 


Crystallized 
grape^ugar. 


"Sirop 
crlstaL" 


** Glucose 
mass^." 


DextroM 

Maltose 

Dextrine 

Water 


86.5 
19.3 
29.8 
14.2 


36.5 

7.6 

40.9 

15.3 


89.0 

• • • 

41.4 
19.3 


72.1 

• • • 

9.1 
16.6 


99.4 

• • • 

• • • 

0.6 


64.0 

• • • 

21.0 
15.0 


64-66 

• • • 

18-22 
1^18 


1 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 



3. Maltose, — Maltose forms fine white crystalline needles aggr^ating 
in warty groups, which have a faint sweetish taste. It is soluble in water 
and methyl and ethyl alcohol, but more difficultly in the last than dextrose. 
Its formula is CuHjjOn, and it crystallizes with one molecule of water, 
which it loses slowly at 100° C. in a vacuum. Its specific rotatory power is, 
according to Meissl, (S)^ = 140.375 — .01837 P — .095 T, where P equals 
the percentage strength of tlie solution and T the temperature. A ten i)er 
cent solution at 20° C. would then be 138.3°. O'Sullivan takes it as 
139.2° for a ten per cent, solution. Its reducing power with Fehling's 
solution is frequently stated to be two-thirds that oi dextrose, but Brown 
and Heron as well as O'Sullivan make it more exactly sixty-two per cent, 
of that shown by dextrose. It has no action, however, upon Barfoed's 
reagent (see p. 180), which is reduced by dextrose. Maltose is said to be 
directly and completely fermentable without previous change into dextrose, 
but more slowly than this latter, so that if a mixture of maltose and dex- 
trose be fermented with yeast, the whole of the dextrose disapj)eai"s before 
the former sugar is acted upon. 

4. Dextrine. — Pure dextrine is a white amorphous solid. It is taste- 
less, odorless, and non-volatile. It is completely soluble in cold water, but 
the commercial varieties usually leave from twelve to twenty j)er cent, or 
even more of starch and other insoluble residue when dissolv^. Heated 
with dilute acids it yields maltose and ultimately dextrose. It is unferment- 
able if free from sugar. It has no I'educing power on Fehling's solution. 
Probably Avhat is called dextrine is a mixture of products obtained in the 
breaking down of the complex starch-molecules. Some investigators claim 
to have obtained sixteen distinct modifications or varieties of dextrine in 
this way. We have before (see p. 170) alluded to amylodextrine, erythro- 
dextrine, achroodextrine, and maltodextrine. 

Commercial dextrine, or " British gum," gives a brown coloration with 
iodine, and probably consists largely of erythrodextrine. The following 
analyses by R. Forster give an idea of the composition of the dextrines usu- 
ally obtainable : 



PsBCXirrAOB Oomposition. 

Dextrine 

Sugar 

Insoluble 

Water 



100.00 



First 


Dark- 


quality 


burned 


dextrose. 


starch. 


72.46 


70.43 


8.77 


1 92 


18.14 


19.97 


5.64 


7.68 



100.00 



12 



Brown 
dextrine. 



100.00 



Gommel- 
ine. 



63.60 


59.71 


7.67 


5 76 


14.61 


20.64 


14.22 


13.89 



100.00 



Old 
dextrine. 



49.78 

1.42 

30 80 

18.00 

100.00 



Light- 
burned 
starch. 



6.34 

0.24 

86.47 

7.95 

100.00 
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Dextrine is used as a substitute for nattiml gums, especially tor gum I 
arable. It is thus used in calico-printing and in the mordnnting' and print- j 
inj^ (if colors upon moat other classes of textile goods, for mucilage, for j 
glazing cards and paper, as warp-dressing, and in the manu&cture of beer. 
It forma the crust on bread by the change of the starch of the flour in 
baking, and is present in most products from starch or starch-sugar. 

5. Ukfermbntable Carbohydrates {Gtdlisin). — ^The presence of 
an tin fermentable carbohydrate in starch-sugar was long since jwinted out 
by CSullivan. The compound which has oeen special!)' studied is known 
as gallisin, and is prejmred by fermenting a twenty ]>er cent, solution of 
starch-sugar with yeast at 1 8° or 20° C. for five or six days. The resultant 
liquid was filtered, evaporated to a syrup at 100° C, and shaken with a 
large excess of absolute alcohol. The treatment with alcohol was repeated 
several times until the unaltci-cdsiigarandothv^rimjjurities were removed, the 
syrup being convertetl into a yellowish crumbling mess, which, by jwund- 
ing in a mortar with a mixture of equal paj-ts of alcohol and ether, (vas 
obtained as a gray jmwder, After purifying with animal charcoal and dry- 
ing over sulphuric acid, the gallisin was oljtained as a white amorphous 
extremely hygrosc^ic powder. Its taste is at first sweet, but afteruarda 
becomes insipid. It is easily decomposable by heat, even at 100° C. It a 
readily soluble in water, nearly insoUible in al)solnte alcohol, and but slightly 
more soluble in methyl alcohol, in which resi)ect it diflere from dextrose. 
Gallisin is stated to have the composition C,jHj,0,o. Its concentrated aque- 
ous solution is distinctly acid to litmus and a s|iaringly soluble barium 
compoimd may be obtained therefrom by adding alcoholic baryta. It 
reduces nitrate of silver on heating, e6i>ecially on addition of ammonia, 
reduces bichromate and iiermanganate, and precipitates hot Feliling's solu- 
tion. Its cupric oxide reducing power (dextrose := 100) is stated to be 45.6°, 
Gallisin is dextro-rotatory, the value for S^ being stated to be 80.1" in 
twenty-seven per cent., 82.3° in ten [)er cent., and 84.9° in 1.6 per cent 
solutions. By heating with dilute sulphuric acid for some hours galli^^ia 
yields a lat^ projjortion of dextrose, but its complete conversion has not 
so far been etfected. 

It is doubtful whether " gallisin" as hitherto obtained is really a definite 
com[x>und, but the iwissibility of isolating a i-ediicing or optically active 
body from the liquid left after fermenting solutions of many specimens of 
starch-sugar cannot be ignoi-etl in considering the composition of commer» 
cial glucose. 

17. Analytical Teste and Methods. 

1. Fob Starch. — The usual jucthiKl for the determination of startii 
is to invert by the action of dilute acid, and then determine the dextrose 
produced by the aid of Feliling's solution. In this case one himdred parts 
of dextrose are taken as indicating ninety of starch. It has been foimd, 
however, that tlie change to dexti-ose by the aid of dilute sulphuric acid ta 
not complete, that other non-i-educing bodies are formed, and tliat but 
ninety-five jwr cent, of the starch is converted into dextrose. The hydrol- 
ysis ia more completely effected by the aid of hydrochloric acid, as carried 
■nut in Sachsse's method. 2.5 to 3 grammes of dry starch (or so mucb 
uf tlic starch-containing substance as would correspond to this amount 
of starch) are placed in a flask with two hundred cubic centimetres of water 
L and twenty cubic centimetres of hydrochloric acid and heated on the water- 
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batfa with iQven«l condenser for thrt« hours. (Mart-ker states that hcatiiig 
for three hours vnth this amount of hydrochloric acid does not give more 
than ninety-eix to ninety-seven per cent, of the starch as sugar, as some of 
the latter is destroyed. He recommends using fifteen cubic t«ntimetres of acid 
and heating for two hours.) The contents of the flask are then uetitralized 
with potassium hydrate or sodium carbonate, filled to the mark, and the 
dextrose determined by Fehling's sohition. If other carbohydrates or 
cellulose are presecit, which would be also converted into dextrose by 
^ ^^ hydrochloric acid, the stai'ch must be 

previously brought into the soluble 
form, which may be done by iicating 
with water to 130° C. in a pressnre- 
fiask like that of Lintner, shown in 
Fig. 59. Or the starch may be hydro- 
lyzed in part by infusion of malt 
or diastase at 62.5" C, filtered from 
cellulose, ete., and then treated with 
hydrochloric acid for complete hydrol- 
ysis as above. In this latter case, the 
process of Reinke' is the simplest. 
Three grammes of the sample as finely 
powdered as possible are heated to boil- 
ing with fifty cubic centimetres of water, 
cooled to 62.5° C, and hydrolyzed for 
nu hour at this temperature with .05 
L'l'iimme of diastase. This is prepared 
iic'ording to Lintner's pi>x«aure, by 
making an alcoholic twenty per cent, 
extract (1 : 3) of raw malt, adding 
to the filtrate two volumes of ninety- 
six per cent, alcohol, separation of the 
precipitated diastase, washing with alcohol and ether, and drying in a des- 
locotor. The mixture is then cooled, diluted with water to two hundred 
and fifty cubic centimetres, and filtered. Of the filtrate, two hundred cubic 
centimetres are taken and hydrolyzed, as before described, witli fifteen cubic 
centimetres of hydrochloric acid of 1.125 specific gravity for two and a half 
hours, when the solution is neutralized and the dextrose determined, 

A more elaborate course of treatrnent, following in the main the same 
lines as the procedure of Reinke just des<'ril>pd, but stopping with the 
action of the diastase, ha.s l>een published by O'Siillivau, and is given at 
lenglli by ,\llen.'|' In this case the filtered lii[tii(l, assumed to contain noth- 
ing but maltose and dextrine, is made up to one hundred cubic centimetres, 
an<l the densit^' determined. It is then tested >vith Fehling's solution for 
tliemultiisisand thedextrinededucedfrom the rotatorj' power of the sohition. 
The maltose found, divided by 1 .055, gives the corresponding weight of starch, 
which, added to the dextrine found, gives the total number of grammes of 
starch represented by one hundred cubic centimetres of the solution. 

The metliod for the determination of starch in cereals most generally 
used in Germany at present is that of Mapcker.j Three grammes of sub- 

• J«hresbar. Chcm. Technol., 1887, p. 863. 

t CVimioefcial Orrjanic AnHlvBis, 8d ed., vol. i. p. 415. 

J Jiihreiber. Cbera. TBclmol.', 1B85, p. 888. 
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stance are placed inasmall beaker (preferably of metal), which is placed 
one of several in a Soxhlet pressure-boiler, or the test is carried out in the 
Lintner pressure-flask, figured on the preceding p^;e, and heated to the tem- 
perature of boiling water. It is then cooled to 60° to 65° C, five cubic centi- 
metres of thin malt infusion are added, and it is digested at this temperature 
for some twenty minutes. It is then made faintly acid (one cubic centi- 
metre of tartaric acnd suffices) and heated under a pressure of three to four 
atmospheres. It is then cooled down and an additional five cubic centi- 
metres of malt infiisiou added, with which it is digested an half-hour. 
The solution is then brought up to one hundred cubic centimetres, filtered, 
and determined with Feliling's solution, eitlier by titration or by weighing 
the reduced copper. 

Of other methods proposed for starch determinations it is only neces- 
sary to notice the Aslwth method, proposed in 1887. It depends on the 
fact that starch forms a compound with liaryta-water, C„H,oOj,BaO, con- 
taining 19.1 per cent, of BaO, which is insoluble in forty-five per cent 
alcohol. The iiaryta-water is used in excess, and the free alkaline earth 
determined by titration with decinormal hydrochloric acid. Numerous 
experimenters have taken exception to the method that the results were 
variable, and that starch combined with varying amounts of barium oiidt 
To these objections the author has recently replied," aud claims that the 
presence of fet in the cereals interferes with the accuracy of the determina- 
tion, and that if the fat be previously extracted by ether, the determinations 
in the fat-free residue are accurate and concordant J. Napier Spence, in 
the " Journal of the Society of Chemical Industiy" for 1888, p. 77, has also 
come to the defence of the Asboth method and sho«Ti the conditions under 
which it yields accurate results. 

2. Glucose, or Dextb(jse. — For tlie determination of dextrose alone the 
Fehling's solution affords the most accurate means. For its use, see anal^vsia. 
of raw sugars, p. 158. In the absence of any other optically active body 
its examination with the polariscoije will also suffice. For mixtures like com- 
mercial glucose, which contains dextrose, maltrose, and dextrine, see later. 

3. liALTOSE. — This variety of sugar, as before stated, has optical 
activity and reducing power on Fehling's solution. It can, however, be 
distinguished from dextrose by its failure to reduce Barfoed's solution, 
which is reduced by dextrose and invert sugar. This reagent is made by 
dissolving one part of neutral copper acetate in fifteen parts of water, to 
two hundred cubic centimetres of which five cubic csnttnietres of iJiirty- 
eight per cent acetic acid is added. Boiled for several minutes with 
maltose solution it shows no reduction. 

4. Dextrine. — Pure dextrine differs from dextrose and maltose in 
showing no reducing power with either Fehling's solution or with Knapp's 

' " } soli 



■i cyanide solution. It can, indeed, be freed from admixture with 
dextrose and maltose by heating with an excess of an alkaline solution of 
mercuric cyanide, which oxidizes these two varieties of sugar, leaving the 
dextrine unaffect«I. (See Wiley's method on next page,) 

5. Commercial ULrcosE and Similar Mixtures derived frok 
Starch. — As commercial glucose is likely to be a mixture of the three 
compounds, dextrose, maltose, and dextrine, its analysis and tlie determina- 
tion of the several constituents becomes a frequently-recurring problem. 

• Chemiker Zeitung, 18SB, p[>. 581 and eu. 
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Three methods have been proposed. Tlie first, by Allen,* requires the 
determination of moisture and ash in the sample, which, subtracted from 
100, leaves the total organic solids, 0. The apparent specific rotatory 
power, S, and the cupric oxide reducing power (in terms of dextrose re- 
ductions 100), Ky are now determined. Then, if m be the maltose, g the 
dextro-glucose, and d the dextrine, Allen determines the respective per- 

tages by the use of the formulas m=(S^ ^ — "^ — ^ J-i- 

.313, g = K — .62 m, and d=0 — (</ + wi). The author states that the 
presence of gallisin or other unfermentable sugar may vitiate the values of 
if and 8y as observed, and so make the results inaccurate. 

The second method is that of Wiley,t which is based upon the theory 
that boiling with an alkaline solution of mercuric cyanide will destroy the 
optical activity of maltose and dextrose, leaving that of dextrine unchanged. 
The cnpric oxide reducing power of the samjJle is ascertained in the usual 
way by Fehling^s solution. The specific rotatory power is determined by 
polarizing a ten per cent, solution (previously heated to boiling) in the 
ordinary manner. Ten cubic centimetres of this solution used for polar- 
izing are then treated with an excess of an alkaline solution of mercuric 
cyanide, and the mixture boiled for two to three minutes. It is then cooled 
and slightly acidulated with hydrochloric acid, which destrcys the reddish- 
brown color possessed by the alkaline liquid. The solution is then diluted 
to fifty cubic centimetres, and the rotation observed in a tube four decime- 
tres in length. The angular rotation observed will be due simply to the 
dextrine, t£e percentage of which may then be calculated by the formula 

rotation X 1000 X cubic centimetres of solution polarized 

- — — — — ■ -jt — — p^i*. 

198 X length of tube in centimetres X weight of the sample taken 
oentage oi dextrine. The percentages of dextrose and maltose may be 
deduced from the reducing power of the sample, or from the difference in 
spedfic rotatory power before (S) and after («) the treatment with alkaline 
mercuric cyanide. Thus, K=1.00 ^ + .62 m, S'=.527 ^+139.2 m + 

o o 527 IC 

1.98 d and «= 1.98 d, whence m = , ^^I^^ • g can now be found 

' 1.06526 ^ 

fifom the first of the three equations, and then d in the second. Wiley^s 
process was employed by the Committee of the National Academy of 
ocience in their investigation of commercial glucose from com starch. It 
is, however, based upon several assumptions that have not been specifically 
proven, and especially in the presence of any considerable quantity of 
maltoee are its results open to doubt. (See Allen, " Commercial Oi^nic 
Analysis/' 3d ed., vol. i. p. 369, foot-note.) 

l^e third method of estimating the constituents in commercial glucose is 
doe to C. Graham, and is probably more exact than either of those before 
mentioned. Dissolve five grammes of the sample in a small quantity of 
hot water and add the solution drop by drop to one litre of nearly absolute 
alcohol. Dextrine is precipitated, and on standing becomes attached to the 
sides of the beaker, while maltose, gallisin, and dextrose are soluble in the large 
quantity of alcohol employed. If the solution be then decanted from the 
precipitate, the dextrine in the latter can be ascertained by drying and weigh- 
ing, or by dissolving it in a definite quantity of water ana observing the 
^^— ■ ' 

♦ Commercial Organic Analysis, 3d ed., vol. i. p. 365. t Chemical News, xlvi. p. 176. 
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3. PBODUcmoN OP Stakch-sugar IN France. — 



1887-88 84,124,079 kiloe. 

1888-89 88,489,989 «' 

1889-90 89,816,476 '* 



1890-91 41,494,243 kiloi. 

1891-92 88,228,646 '' 

1892-93 88,641,847 «* 



4. Expobtationb op Starch and Glucose from the Unttbd 
States. — 

1808. 1897. 1898. 1899. 

Starch (pounds) . . 81,829,485 79,088,876 72,806,318 110,193,776 

Valued at ... . $885,198 $1,666,926 $1,371,549 $2,292,848 

Glucoee (pounds) . . 171,231,650 194,419,250 196,864,605 229,003,571 

Valued at ... . $2,772,885 $2,736,674 $2,871,889 $8,624,890 
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CHAPTER VI. 



FERMENTATION INDUSTRIES, 



A. NATURE AND VARIETIES OF FERMENTATION. 



The word fermentation in the hnmder s 



s applied to those changes 



whereby in the presejice oC a body tailed a fermeut many organic b">dies, 
notably the carbohydrates, are deojmposed into simpler corapoiiada, although 
not necessarily into the ultimate proaiicta of decomposition. 

The ferments which .seem to determine the decomposition may be either 
soluble unui^nized ferments, or insoluble oi^nized ferments, which are, in 
faet, minute vi^table growths. With the soluble ferments, such as diastase, 
itivertin (or sucrase), emiilsine, or myrosine, pepatne, trypaine, and papaine, 
which act n|xin carbohydrates, glucosides, and albuminoids, we are not now 
concerned, although the first and second of those mentioned play a very 
important part in the hydrolysis of starch and cane-sugar. 

The organized ferments or v^otable groivtha may be divided into three 
classes: first, mould-growtlis ; second, yeast-plants, or the different species 
and varieties of Saccharamyces ; and, third, bacteria, belonging to the two 
genera Schixomycetes and SchUophycftee. The most important fermentations 
from an industrial point of view are the alcoholic, which is brought about 
mainly* by the presence of ferments of tlie second class, and the acetic and 
lactic, which are brought about by ferments of the third class. Upon the 
alcoholic fermentation depend three important groups of industries, — viz., 
the manufacture of malt liquors, the manufacrture of wines, and the manu- 
fecture of ardent spirits, or distilled liquors. Upon tlie acetic fermentation 
depends the manufacture of difierent varieties of vinegar, and upon the 
lactic fermentation the manufacture of cheese and other milk products. 

The alcoholic fermentation is always meant when we use the word fer- 
mentation in the narrower sense, as with reference to the change which 
starch and saccharine bodies most generally undergo. In this fermentation, 
the action of the ycaat-plant seems to differ according to the variety of sugar 
presented to it. Dextrose is most immediately acted upon, the main re- 
action being C,H„0, = 2C,H,0 -(- SCX),, although, as Pasteur first showed, 
side-products like glycerine and succinic acid are also formed, and in practice 
only about ninety-five per cent, of the dextrose is decomposed by the main 
reaction. Cane-sugar is not immediately fermentable. If it has been 
previously exposed to the action of dilute acids, it is changed into invert 

[ar, which then acts like dextrose. The yeast-plant can effect the same 

mge itself. Invertin (or invertase, as it is also termed) is a soluble fer- 

ant existent in yrast. It has the property of rapidly and completely 

; the transformation of cane-sugar into invert sugar, but is without 
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sensible action on dextrose, levulose, maltose, or milk-sugar. Towards 
dextrine its action is not so certainly negative. 

The conditions of the activity of the yeast-plant have been studied by 
many diemists, but notably by Pasteur. It has been found that if an 
abundance of air is supplied the plant grows and multiplies but fermenta- 
tion proceeds very slowly, when the supply of air is limited, the fermenta- 
tion proceeds more rapidly while the growth of the cells is largely arrested, 
and that in the absence of air the fermentation proceeds with greatest 
rapidity, although the plant-cells do not grow any longer, but gradually 
disint^rate and die. Pasteur's dictum, that "fermentation is the conse- 
quence of life without air," is no longer taken as strictly accurate, as with 
the cessation of the growth and extension of the yeast-plant (which is 
dependent upon air like the life of any other plant), although its fermenta- 
tive activity then becomes greatest, it begins at the same time a decay which 
leaves it after a time dead and inactive. 

The genus Scuxharomycea has already been alluded to as the active 
agent in the alcoholic fermentation. The species Saccharomyces cei^evisias 
is generally known as the special beer ferment and the Saccharomyces 
dlipmdeus as the wine ferment. Moreover, of the Saccharomyces co^evisicBy 
two well-marked varieties have been recognized. The one is the most 
active at the ordinary temperature (16° to 20° C), and carries through its 
fermentative work in from three to four days ; the other works at a lower 
temperature (6° to 8° C.^ and the fermentation is much slower. The first, 
placed in a saccharine liquid, is carried by the carbon dioxide which it 
liberates to the surfieice of the liquid, where it continues its activity ; it is 
therefore known as a surface or top yeast. The second, on the contrair, is 
not carried up, and rests during its entire activity on the bottom oi the 
fennenting vessel/ and is hence called a bottom yeast Two quite distinct 
methods of beer-brewing are practised (see p. 191), depending upon the use 
of the one or the other of these varieties of yeast. It nas been found, how- 
ever, in practice that, even when a top yeast is used exclusively or a bottom 
yeast exdusively, the results are not always uniform. These anomalies are 
now made clear through the researches of E. Ch. Hansen, of Copenhagen, 
who has applied the methods of pure cultivation introduced by bacteriolo- 
gists to the study of the yeast-plant. He has found that if a single yeast- 
oell of one of the better varieties of Saccharomyces be cultivated with the 
precaations needed to exclude what is called " wild yeast" (germs present 
in the air^ notably in the summer months), absolutely uniform results can 
be gotten in brewing. Beginning in 1883, he has developed the study, and 
it has now been aooepted oy most of the leading authorities on fermenta- 
tion* He first described six species : Saccharomyces cereviske I., Sacchor- 
romyees Pastorianus I., II., and III., Saccharomyces ellipsoideus I. and II., 
of which the second, fourth, and sixth cause bitterness and turbidity (so- 
called " diseases'' in beer). He has since * increased the list of varieties 
of ferments studied to forty, including both top and bottom yeasts, ferments 
similar to yeast but not belonging to the genus Saccharomyces, and forms 
of mould-growth. He divides the representatives of each genus into two 
groups according as they secrete invertin or not 

Fresh yeast resembles a dirty yellowish-gray sediment of unpleasant 
odor and acid reaction, made up of an immense number of v^table cells. 

* Journ. Soc. Cheni. Ind., 1889, p. 471. 
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eals on j), 169. The t-haiigefl which It imdoreocs in i.-onipnsitinn by the 
prutKss of malting will be seen by comparing this with the two analyses of 
pale malt following, ^vhich are by O'SiiUivan : 
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O'SiiUivan states that malt contains no ready-formed dextrine, but that 
it does contain from sixteen to twenty jxr cent, of fei'mentable sugars, of 
which about one-half is probably maltose, and due to the transfonnation of 
staivb in the malting process, while the remainder exists ready formed in 
the barlev, and in not identical with the sugar produced in the malting. 

Besides the diastase, a second soluble ferment is fonned during the malt- 
ing process, the so-called (»?]>tase, which in the mash process changes the I 
proteids of the malt into jreptones and imrapeptones, which give nutritive I 
value to the beer. | 

A high percentage of stareh in the barley to be used for brewing is ' 
desirable in oi'der that when malted it may yield a lai-ge amount of " extrac- 
tive matter." According to Lintner and Aubry,* a good malt should yield 
at least seventy-one per cent, of extract reckoned on the weight of dry 
substance. This determination of the value of a sample of malt is one of 
the most necessary of analytical tests for the malster or brewer, (See p. 1 97,1 

Well-malted liarley is always yellow or amber-coloi-ed, shading to brown. 
On breaking the grain, the interior should be of a pure white color and 
floury appearance, except ivhen the drying has been intentionally carried so 
far as to jmi'tially caramelize the sugar. 

Malted wheat, com, and rice are at times used as partial substitutes for 
the barley malt, as well as [wtato starch and starch-sugar. The use of 
patented maltoseand maltose-dextrine preparations has ali'eadv been referred 
to. (See p. 175.) 

2, Hops. — Hops are the female unfnictified blossoms (catkins) of the 
hop-plant (Hamulwt tupulus). Under the thin membranous scales of the 
strobile or catkin is an abundance of a yellowish resinous powder, consist- 
ing of minute sessile grains, to which the name lupulin has been given. The 
active principles of the hops, contained mainly, but not exclusively, in the 
luputin, are : Fii-st, the ethereal oil, which is present to the amount of .3 

Eer cent, in the air-dried hops. This is yellowish, of strong odor and of , 
iirning taste. It consists of a hydrocarbon, CjHj, and an oxygenized oil, 
C„H,gO„ which by atmospheric oxidation becomes valerianic acid, CjH,4<^ 
to which old hops owe their odor. Second, the lupulin also contains a resin- 5 
0U6 bitter principle, which is easily soluble in alcohol, but difficultly solu- « 
' ")le in water, and extremely bitter. This is supposed to be an oxidation ] 
mduct of lupulinic acid, which can be gotten in white crj-stals, speedily f 
[ Meoming resinous. Both tlie acid and its oxidation products seem to he 
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leld dissolved in the ethereal oil. Hoiis also contain tannic acid of a 
i-ariety allied to moritannic acid and turning iron salts green. Analyses of 
m-o well-knowD Bohemian varieties of hops are given.* 





1 


1 


1 

li 

S 


i 
i 


b^tallSta 


il 


1 


P 


i 




"T" 


^.. 




»;.*! 


!;i; 


^U 


IS 


loiai 


slio 


„.„ 


inni 


r-i 


til 




;i.ib 


'"" 


■'■■■' 



The blossoms are produced in August, and the strobiles are fit for gath< 
«ring from the beginning of September to the middle of October, according 
to the weather. The prompt drying of the fresh-picked hops is necessary 
in order that they may be safely baled. This drying takes place by the aid 
of hot air in a so-called hop-kiln at a temperature of about 40° C, the hops 
being repeatedly turned with a liglit wooden shovel as they lie spread out 
upon a false or perforated floor. When dry they are pres.sed by hydraulic 
presses into compact bales. Hops are also often treated with sulphurous 
acid gas from burning sulphur to preserve them, although this sulphuring 
is oftener used with old hoi)s for the purpose of brightening them in color 
and improving their appearance. 

A number of bitter principles have been mentioned as used at times as 
substitutes for hops in beer-brewing, although it is doubtful if such substitu- 
tion is much practised. Among these substitutes have been noted quassia, 
gentian, picrotoxin, the bitter principle of Cocculua Indians, colcliicum, 
irormwood, and picric acid. 

3. Water. — The water used in malting and brewing must be adapted 
or the purpose in order to get good results. A pure and soft water or a 
Qoderately hard calcareous water will do, but it is indispensable that the 
rater be perfectly free from oi^anic impurities. Continental brewers use 
aft waters most generally in brewing beers, ivliile English brewers jirefer 
ypeum waters for their ales which are specially designed to keep. This is 
down in the character of the water of Burton-on-Trent, which contains 
otable quantities of calcium and magnesium sulphates, calcium carbonate, and 
jdium chloride. 

n. Processes of Manufacture. 

2. Malting of the Graix. — Although malt has been described as 
raw material of the brewing industry, the preparation of it from the raw 
rain is a process so closely connected with the success of brewing that it 
lust be described, and especially, too, because it is often combined under the 
tme direction as the brewing process. The process of changing barley into 
lalt is to be divided into four stages : the steeping, the couching, the floor- 
ig, and the kiln-drying. The first three of these stages have to do with 
le germination or development of the acrospire, or plumule, which as it 
eveTops brings about great changes in the chemical constitution of the grain, 
eveloping from the albuminoid matter the diastase, which in turn begins to 

* Konig, Nahrungv und Ueniuamittel, vol. ii. p. 409. 
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act upon the starch, forming from it maltose and dextrine. At the same 
time during the germination atmospheric oxidation is going on at the expense 
of the starch of the grain, water and carbon dioxide being steadily given oif. 
When the develoi)ment of the diastase is supposed to have reached the right 
|M)int, which can only be judged of by the growth of the acrospire, or germ, 
tlio fourth stage of the process is reached, and the germ must be killei by 
lK»at, which is done in the kiln-drying. 

The first process of steeping is to give the grain sufficient moisture to 
allow germination to begin. For that purpose it is put into wooden, iron, 
or cemented vats. These are half filled with water and the grain added 
with constant stirring. The sound grains sink shortly under the water, and 
the dead or imperfect grains float and can be removed. The water soon 
takes w)l()r and odor, and must be replaced by fresh water. The duration 
of the st<vping is usually forty-eight to seventy-two hours, depending ui)on 
the tenipemture, and in winter-time or with ofder barley may last consider- 
ably longer. The end of the treatment may be told by noting the character 
of the grain. It has swollen and become nearly sufficiently soft to allow of 
being pierced with a needle and yet exuding no juice. It has gained from 
forty to fifty piT wnt. in weiglit and increased from twenty to twenty-four 
I>er cent, in bulk. To offset this gain due to water absorption, it has lost 
from one to two per cent, of its substance, partly carried off in the steep 
water and jmrtly given off as gas. The water is then run off, and after 
draining it is turned upon the couching-floor, where it remains at first in 
lu^ps of fn>m fifteen to twenty-four inches in depth. Here it soon begins 
to heat up, and a rise in temj)erature of from 7° to 10® takes place. It also 
In^gins to ** sweat," and gives off an abundance of carbon dioxide, and an 
agninil)lo cucumbiT-like odor is rec*ognizable. The germination is now under 
way and the n.)otlets shoot out. The ** cx>uehing" stage lasts from twenty- 
four to thirty-six hours, and during that time the grain must lx» turned 
st»veml tinu^. The hi^ttxl l^rlev must now be spread on the floor in shal- 
low layoiN so as to check somewhat the rate of growth of the germ, and 
nuist Ik* tunuxl fn>m four to six timi^ a day as the growth proceeds. The 
depth of the layer is at the siuue time reduced from fifteen to four or five 
inchi^. During this time the gi^rminating grain must have an abundance of 
air. The pnx^^^^ lasts fnmi seven to ten or even twelve days, according to 
the Si^ason of the vrt\r, and its termination is decided bv the lenjrth of the 
giTiu, which must U^ alH>ut twivthinls that of the grain. The loss in weight 
during the gin-ininatiug print^ss, aci\>nling to I^intner, is ten per cent, of the 
weight of the grain. The loss ix>nu's mainly upon the starch, which has in 
part Ihvu changixl into maha<t^ and iloxtrine, but has mostly been oxidized to 
winter and to c!\rlH>u dioxide. To more efficiently remove the carbon dioxide 
which would intorfon^ with the gi^rminating pnxvss and to prevent too strong 
a honing, the j>ncumatic priKtss of malting has been proix)sed by Galland. Id 
this j>nHt»ss the sttH^jKnl Uirlev is phiitxl on a jx^rforated floor in tliick layers, 




of 

^iffst -iiow Iv stopjHxl priMuptly, U^t it i^» ti>«> lar at the expense of the 

^ft^ll - of the grain, and this is U^t efft-ctixl by heat. The germinating 

*ti - mav, however, Ix? simplv dritxl thorouirhlv in the air and the rootlets 

• Pift]»in«r*» H*iulVuoh dor Chttv.iMhon T»vhTiolt>s:>e. vol. iii. p. 632. 
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removed by mechanical means. This constitutes air-dried malt^ which is 
used for some purposes. Most generally it is dried in a kiln at a consider- 
ably higher temperature. This must be gradually applied, as if, while the 
raw malt were fiill of moisture, it were to be heated strongly, the starch 
would be gelatinized and the grain made tough, hard, and glassy. It is 
therefore heated first to about 90° F., and this is gradually raised to 150° F., 
or even in some cases to 1 80° F. A light gradual heat produces a " pale'' 
malt, a stronger heat " yelloV or " pale amber,'' and then " amber" and 
" brown" malt The kiln may have two flooi's, on the upper and cooler of 
which the moist malt loses its water and then passes on to the lower and 
hotter floor, where it is heated to the higher limit requisite for developing its 
empyreumatic odor and flavor, or the heating may all be effected on a single 
floor, in which case more time is needed for the several stages of heating. 
Black malt used for coloring is heated in revolving coffee-roasters, and most 
of the sugar is caramelized. 

2. Preparation of the Wort. — The malt after being cleansed and 
crushed (not ground fine) is i*eady for use in what is known as the mashing 
process. This is designed not merely to extract the maltose and dextrine 
of the malt, but mainly to allow the diastase of the malt to act upon the 
starch, changing it into maltose and dextrine and the peptase to form pep- 
tones from the proteids. It must therefore be carried out under such con- 
ditions of temperature and dilution as have been found to be most favorable 
for effecting these purposes. We have already seen (p. 187) that the action 
of diastase is most effective at about 62.5° C. (144.5° F.), and therefore at 
a temperature not much above this is the infusion most successfully made. 
At a temperature of over 75° C. its power is destroyed. Two quite distinct 
processes for mashing are at present followed : the infusion, or thin mash, 
and the decoction, or thick mash, process. The first is used in England and 
France, the second in Bavaria, Bohemia, and the principal brewing centres 
of the Continent. Both are used in this country. In the infusion process, 
water at 60° to 70° C. is run into the mash-tub, a vessel provided with false 
bottom and mechanical agitation, the crushed malt added and stirred in, and 
then additional hotter water, so that a temperature of 70° C. (158° F.) is 
gradually attained. This is maintained for some time with constant agita- 
tion of the liquid, so that the diastase may have time to act upon the starch. 
The completion of this action is determined by taking a few drops of the 
wort from time to time and testing with iodine solution, which finally pro- 
duces no color on mixing. The clear infusion is now run off from under 
the fidse bottom of the tub to the copper boilers, and the malt again covered 
with hot water and mashed for one-half to one hour longer at 70° C. or 
somewhat higher now. When this is run off, hot water at 200° F. is 
sprinkled upon the malt from a revolving " sparger^' and allowed to drain 
off. The wort from this third mash is not always added to that of the first 
and second mashes, but is used to mash a fresh quantity of malt. 

In the Bavarian thick-mash process, the malt is put in the mash-tub 
with some cold water, and then by the addition of boiling water is brought 
to 35° C. A third of the softened malt is then taken out and brought 
gradually to boiling with water in the copper. After one-half to three- 
quarters of an hours boiling, the half of this is then returned to the mash- 
tub and thoroughly agitated with what remained there. The temperature 
of the mash-tub is thereby brought to about 50° C. A second portion 
of the thick mash is again taken out and boiled in the copper for three- 
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quarters to one hour, \»hen the greater part is returned to the raaah-tii 
and thoroughly mixed, bringing up the temperature here to 6-5° C. Tl 
tliiuner part of the nmah, or clear wort, is now run off and boiled in tl 
copper for fifteen minutes and returned, whereby the temperature of the masl 
tub is brought to 75° C. This is now left at rest for an hour to an hoi 
and a half, and then the wort is run off to the copper. The malt 
washed by Uie sparger, and so the saccharine liquor adhering dbplaco 
The whole process is easily understood by reference to Fig. 62, in which 
is the mash-tub and C the copper for boiling up the successive portioi 
taken from A. 

It is obvious that in the thick-mash process that portion of the diasta 
contained in the material which is taken out and boil«l is destroyed, but tl 
boiling thoroughly disintegrates the malt and converts its starch inttD 

rte. When this is returned to the mash-tub, it is ve^ rapidly acted ujm: 
the remaining diastase, of which there is quite sunSdent, and change 
into nialtaw and dextrine. By the thick-mash process, the sugar formatic 
is held in check and the amount of extract increased. 

In the mash proiwss the diajitase acta upon the starch of the mal 
changing it iuto mallow and dextrin. The ratio of these products to eac 
other changes according to the temperature used in the mashing, Mun 
over, as dextrin is not fermented in the main fermentation and only pai 
tially in the aflor-fermentation, some of it remaining in the finished bee 
this matter of temperature of mashing is obviously of importance for tfc 
character of the beer. 

According to Miirker and Schultze, at temperatures up to 66" C th 
reaction takes place as follows : ^^^H 

4CsH,A -f 2HiO = C\,H„0„ -f- C,H„Oj; ^^B 

that is, four molecules of starch react with two molecules of water to forr 
three molecules of fermentable sugar (maltose) and one molecule of dextrii 
On the other hand, at temperatures over C5° C, the reaction becomes — 

6C,oH.A -F 2H,0 ^ C,gH„0,j -|- 3C,H,„0, ; 

that is. six molecules of starch react with two molecules of water to fort 
one molei-ule of malto.se and three molecules of dextrin. 

The results of practice, at all events, show that in the infusion prores 
which takes niaec at low temperatures, beers of lower extract pen^ita^ 
are formed wnicli is in part due to this difference in the production o 
dextrin just illustrated. A second drawback of the infusion process is thi 
it is difficult to avoid here a larger formation of lactic acid, due to the mm 
prolonged action of the water upon the malt, which is at just tlie tempen 
ture (about 60" C.) (livorable for the formation of lactic acid. At it 
temperature of the infusion process the nitrogenous compouuds are ah 
less completely decomposed than in the decoction process, so that a bei 

i obtained by the former proces.s fumbhes a more nutritious ground for tl 

I. growth of Itacterial ferments than the latter. 

I As tlie amouut of diastase in the malt is sufficiently lai^ to saccharii 

f considerably more starch than that contained in the malt itself, at timi 
tinmalted grain and starch-containing cereals are added. The end to I 
attained is not only the saving of the cost of a mrtion of the malt, bi 
-to obtain a beer richer in extract aud therefore of oetter keeping quality. 
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These malt Hultstitiite an? getiL-rallv cereals rich in starch, snoh as com , 
and rire. At timea tinmulted barley, rye, oats, aud even potatoes have also 
been used. Care must be taken that the saceharifi cation Id these case» of I 
the use of corn and rice is made as complete as ptiSBible, and heuce it must 
not be overlooked that the I^tarch of both corn and rice requires a higher 
temperature (71° C.) for its complete changing into fermentable sugar. ' 
The com or rice before use shonid be shelled, deprived of the germ, and 
crushed, so as to facilitate the liberation of its starch. The amount of malt 
substitute thus used should not iu any case exceed thirty per cent, of the 
weight of the malt. In some countries, as iu Bavaria, the use of malt ' 
substitutes is strictly prohibited by law. I 

The character of the wort is to be controlled by the use of the Bal- 
ling saccharonietcr (see p. 163), as the specific gravity of aqueous malt 
extract corresponds to that of cane-sugar solutions of the same percentage 
strength. 

3, Boiling and Cooling. — The wort is drained off from the malt- 
reeidue, or "draff," and run into tbe copper boiler, where it is boiled, while 
the hop,s arc added at ouce in amount varjing from one to three (or more in 
the case of India ales) parts to the himdred of malt, light beers taking the 
least amount, lager beera ne.xt, and heavy export beers the largest amount. 
If the amount of hojis is to be calculated after the wort has been Ibrnied, ' 
0.25 to 0.30 kilos, may be taken to the hectolitre of wort of 10 to 12 per 
cent., 0.40 to 0.60 kilos, to the hectolitre of wort of 12 to 16 i>er cent, and 
0.70 to 0.80 kilos, to the hectolitre of stronger worts. 

The boiling accomplishes several desirable changes in the wort : first, 
the protein material present is copulated and separates out, which result is 
facilitated by the action of the tannic acid of the hojts, which also throws out 
any unchanged starch ; second, the wort is concentrated ; third, the valuable 
otnstituents of the hops (hop-bitter and ethereal oil) ai-e taken up by the wort 
and give to the beer its taste, aroma, and keeping qualities. Tbe time of 
boiling varies considerably, requiring to be longer for worts prepared by the 
ial'usiun process thau for those by the decoction process. From one to two 
hours is generally suflicient where the worts do not specially need to be con- 
centrated. Too long boiling is injurious, as the volatile oil of the hops 
mav be lost thereby. Of one hundred parts of dry malt, sixty-five to 
eiglity per cent, are taken up as extract in the wort ; of one hundred parts 
ot hops, twenty to tliirty parts. 

The wort is now to be cooled preparatory to the fermentation. This 
tiooling must be effected as i-apidly as pi^issible, so that the lactic fermenta- 
tion and similar changes may not take place. The cooling is genendiy 
effected in very shallow wide tanks, which are placed where a good circula- 
tion of air can be assured. From these tanks the still warm wort is often 
nm tlirough a circuit of pipes cooled by ice-water flowing around tliem, or 
is run in thin streams (known as a "beer fall' ) over a series of pipes through 
whi(!h t^old water or chilled brine from the refrigerating apparatus circulates. 
Such an arrangement is now coming into extensive use in fai^ breweries 
provi<ied with artificial refrigeration. Of course, in such a method of cool- 
ing the wort is exposed for a considerable time to impure air containing 
spores, which, getting into the liquid, may afterwards affect the fermentation. 
In all <!asea where Hansen's pure yeast is to be employed the wort must be 
wtoled in vessels to which only sterilized air has access. For an arrange- 
ment of this kind, see Wagner's "Chemical Technology," 13th ed,, p. 911, 
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It is thus oooled down to the point needed for the beginning of the fermenta- 
tion. This point depends upon the character of the fermentation, whether 
with top yeast or bottom yeast ; for the latter it must be some 8*^ to 10® C 
below that needed for the former. The cooled wort is now allowed to 
deposit a sediment of coagulated albuminoids, particles of hops^ etc.^ which 
were suspended in it when the cooling b^an. This sediment is gathered 
and pressed and the liquid added to the rest of the wort. 

4. Fermentation of the Wort. — The wort may either be left to 
spontaneous fermentation depending upon the spores of yeast ferments, 
which are always present in the air of a brewery, or it is started into fer- 
mentation by the addition of yeast. The former method is followed in 
Belgium, but in the great majority of cases elsewhere fermentation is incited 
by die direct addition of a suitable yeast As stated before in the section 
on the nature of fermentation (see p. 186), there are two radically different 
methods of carrying out this process in practice : the surface fermentation 
and the bottom fermentation. The first of these, followed almost exclu- 
sively in Endand for all malt liquors and in this country for ales, is spe- 
cially adapted for worts rich in maltose, and takes place more rapidly, at a 
higher temperature, and produces more alcohol. As English worts, more- 
over, are usually prepared by the infusion method, a considerable quantity 
of soluble gluten is left in die liquor, which on exposure to the air, as in 
half-empty casks, may start the acetic fermentation, or souring. The second 
of these, followed in Grermany and Austria and in this country for lager- 
beer, proceeds more slowly ; the production of alcohol is restrained by the 
low temperature, and as the fermentation proceeds with freer and more 
prolonged access of air, the yeast-plants in their growth consume the pro- 
teid matter as food. Consequently there is less albuminoid matter left to 
start souring, and the beer is a better-keeping beer than those prepared by 
the more rapid surface fermentation. Of course, the proportion of malt 
and hops used and the alcohol percentage also come into consideration in 
the matter of keeping quality, and may offset the advantage just mentioned. 
The fermentation, by whichever method carried out, may be divided into 
three stages : first, the main fermentation^ which begins shortly after the 
addition of the yeast, and is specially characterized by the decomposition 
of maltose, the formation of new yeast-cells, and the rise of temperature ; 
second, the afler-fermentationy in which the decomposition of maltose still 
continues, but the formation of yeast-cells has nearly ceased, and the yeast 
particles suspended in the beer settle out and the beer clears ; and, third, 
the still fermentation, which follows the completed after-fermentation, in 
which maltose is still decomposed and some dextrine is changed into maltose 
by what diastase is present, but the yeast-cells are no longer formed. 

The fermenting vessels are great oaken tuns holding fifty to one hundred 
barrels. The thick froth, or magma, of yeast is added in amount varjang 
fix)m one-half to three-quarters of a litre per one hundred litres of wort 
of ten to fourteen per cent. It may eitlier be added direct to the whole 
body of the wort and stirred in, or may be mixed with a smaller amount 
of the wort, allowed to stand for four to five hours until fermentation 
starts, and then the mixture added to the main body of the wort. In the 
sur&ce fermentation process, the main fermentation lasts from four to eight 
days, during which time the temperature must be carefully r^ulated and 
held at fix)m 14*^ to 18° C. The surface is at first covered with a white 
foam which rises, and curls and breaks into a variety of forms. The 
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temperature rises from two to four degrees, and care must be taken to con- 
trol and reduce this, which used to be done by the use of conical cans, or 
" swimmers," holding ice, floated at the top of the tun, cooling the mass, 
but the tuns are now cooled just as the fermenting cellars are, by arti- 
ficial means. The fermentation is not allowed to go to completion at this 
initial temperature, but the beer is transferred for the after or slower fer- 
mentation to cooler cellars (of about 5° C), where it is put into storage- 
casks. After sufficient time here, it is drawn into casks containing beech- 
wood shavings, to which isinglass is sometimes added to clear it, and there 
is added to it some fresh fermenting beer (" Krausen"), in the proportion 
of one barrel to twenty, which starts a new fermentation, giving the beer its 
" head." In the bottom fermentation, the fermenting cellar is kept at 4° 
to 5° C, and the main fermentation lasts from nine to ten days. The after- 
fermentation follows in cellars cooled to 1° to 2° C, and lasts correspond- 
ingly longer. 

Berlin weiss-beer is brewed from malted wheat to which some malted 
barley is added, and is fermented at relatively higher temperature (16° to 
24° C.). At the end of the main fermentation, which is finished in three 
days, it is transferred, with the addition of some fresh fermenting beer, to 
tightiy-stopped stone jugs, in which the after-fermentation takes place. 
In eight to fourteen days it is in condition for drinking. It is, of course, 
effervescing, is somewhat turbid, and has a sour taste from lactic acid which 
has formed. 

5. Preservation of Beer. — Beer or ale intended for export may of 
course have keeping qualities imparted to it in its manufacture by special 
addition of hops, or otherwise, but most beers can liave their keeping 
qiialities improved by dircx't treatment after tliey are finished beverages. 
Tliis is most legitimately done by the process of " Pasteurizing," which 
consists in heating the beer either already bottled or in casks to a tempera- 
ture of about 60° C, which apparently kills all ferments which develop 
the souring of beer. Ix?ss legitimate and forbidden by law in many 
countries is the addition of salicylic acid, boric acid, or calcium bisulphite. 

in. Products. 

The various designations that have been given to malt liquors do not 
necessarily imply distinctive differences in the character of the product. 
They represent largely the diffen»nt usages of different coimtries and local- 
ities. Thus, in England .1/^ was at one time brewed ^nthout hops, but the 
term now is applied to a beer brewed by the surface fermentation process, 
which is practically the only method ustxl in England. Porter has now 
come to mi^n a dark malt liquor, made })artly from b^o^\^l or black malt, the 
caramel in which givi^ it the swwtness and syrupy appearance, and con- 
taining four or five jkt wnt. of alcohol. Stout is a stronger ix)rter, with 
larger amount of dissolved solids, and containing six or seven per cent, of 
aIc<.)hol. 

Ldifcr-bcer is Ixvr as breweil in Grermany by the bottom fermentation 
process, which pnxvss is, moreover, retardeil, so that the beer has better 
Keeping qualities. It also has a larger amount of hops used in its prodm-- 
tion. It is brewtxl in winter for storage and use in summer. Schenk-icer 
is also a bottom fermentation btn^r, but isdi^igned for use as soon as finished, 
*iid the process is somewhat quicker than with lager-beer, and a smaller 
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amount of hops is used. Bock-beer is a stronger lager-beer, made with 
ODC-third more malt, and brewed specially in the spring of the year, Weiss- 
beer, as before stated, is made chiefly from malted wheat, and is yet in the 
after-fermentation. Most other names are from localities, and represent the 
characteristic products of those places. 

The composition of various English and German beers is given in the 
accompanying table on the authority of Professor Charles Graham. (Allen, 
Commercial Organic Analysis, 2d ed., vol ii. p. 92.) 
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The composilJon of various American beers and ales as analyzed by 
C. A. Ciampton, of the United States Department of Agriculture, is also 
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IV. Analytical Tests and Methods. 

1. For Malt. — The brewing value of a sample of malt is dependent 
npon three factors, — namely, the proportion of soluble or extractive matter 
it will yield to water ; the character of this extractive matter ; and the dias- 
tatic activity. The extractive matter in malt is usually determined by a 
miniature mashing processs. This is carried out as follows if The malt is 
first crushed uniformly fine ; fifty grammes are then weighed out as rapidly 
as poHuble (on account of its hygroscopic character), and placed in a weighed 

* noited StaUs Department of Agriculture, Bulletin Ho. IS, Pert iii. p. 282. 
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diastase C. Graham proposes to use the Wanklyn albuminoid-ammonia 



2. Fob Beeb-wobts. — ^The determination of the specific gravity of the 
wort is of importance, as from this may be calculated the total solid matter 
in the wort If from the specific gravity of the wort we take 1000, and 
divide the difference by 3.85, we get the number of grammes of solid extract 
contained in one hunared cubic centimetres of the wort For the purpose 
of the brewer special forms of hydrometers have been constructed, the read- 
ings of which are immediately available. Thus, Bates^s saccharometer gives 
readings of pounds per barrel (of thirty-six gallons), — that is, excess of 
weight in pounds of a barrel of wort over the same bulk of water. These 
reamngs can then be converted into real specific gravity figures by a simple 
proportion, using the weight of a barrel of pure water, of this wort with 
the excess of weight shown by the saccharometer reading and the specific 
gravity of pure water as terms. The Bates saccharometer readings can be 
converted into those of Balling or Brix by the following formula : Ball- 
ing = ^ j^ — . The method of ascertaining the original gravity of 

beer-worts which have undergone fermentation is described later. (See 
following page.) 

In brewing, the relative proportion of maltose and dextrine in the wort 
is of great importance and is liable to considerable variation, being dependent 
on the temperature at which the mashing was conducted, the length of time 
occupied in the process, and the diastatic activity of the malt employed. 
The composition of the wort largely influences the subsequent fermentation, 
as a wort containing little dextrine will produce of beer of low density which 
will clarify readily, but be " thin'^ and apparently much weaker than beer of 
the same original gravity but higher final attenuation. C. Graham esti- 
mates the maltose and dextrine in beer-worts from the cupric oxide reducing 
power of the solution before and after inversion. (For details of his piXH 
cedore, see Allen, vol. ii. p. 274.) West Knight (Analyst, vii. p. 211) has 
described a very simple and rapid method of approximately determining 
the dextrine in beer-worts. Ten cubic centimetres of the wort is treated in 
a smaU weighed beaker with fifty cubic centimetres of methylated spirit of 
.830 specific gravity. This causes the precipitation of the greater part of 
the dextrine, which after a few hours collects on the bottom of the beaker as a 
gtunmy mass, from which the alcoholic liquid can be poured off. The deposit 
IS rins^ with a little more spirit, and the beaker dried in the water-oven 
and weighed. To the weight obtained an addition of .045 gramme is 
made as a correction for the dextrine retained in solution by the spirituous 
liquid. 

3. Fob Beeb. — ^The specific gi^avity of the beer is a determination that 
is necessary as a basis of calculation for the other determinations as to its 
composition. It should be made after freeing the beer from carbon dioxide 
as fiilly as possible. It can be made with a specific gravity flask, but is 
most readily and accurately carried out with a Westphal specific gravity 
balance (see Fig. 33), which for this purpose is provided with a fourth rider 
giving the fourth place of decimals. 

The amount o{ extract is frequently determined by taking a definite volunie 
of beer of which the specific gravity has been determined, evaporating it to i 
one-tliird its bulk, ana then ^ding water sufficient to restore it to original 1 
bulk. The specific gravity of this liquid is then determined as just described. 
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have also been cultivated suooessfully in California, among which may be 
mentioned the Mission, Riesling, Traminer, Rulander, Gutedel, and Zin- 
fandel. 

The grapes owe tlieir wine-producing value in the first place to the 

?;rape (or invert^ sugar which they contain, and in the second place to the 
ree acids, which in the later ripening of the wine are to develop tlie fra- 
grant ethers, and to the albuminoids, which exert a great influence on the 
^rmentation. The comjwsition of the grape varies of course in diflTerent 
localities and even from year to year in the same locality, but its mean com- 
position is thus stated by Konig : Grape-sugar, 14.36 jier cent. ; free acid 
(tartaric), .79 per cent ; nitrogenous material, .59 per cent. ; non-nitrogen- 
ous extract, 1.96 per cent. ; skins and kernel, 3.60 per cent. ; ash, .50 per 
cent ; and water, 78.17 j)er cent. 

The grapes are taken for wine-making only when they are folly ripe, 
and in many localities it is even customary to wait until the grape shows a 
slight appearance of over-ripeness or evidence of wilting, so that the maxi- 
mum of sweetness may be attained. In some cases the grapes are plucked 
from the stems, either by hand or by the aid of three-pronged forks, while 
in other cases the stems are left when they are crushed in order that the 
tannin so obtained may aid in the clearing of the fermenting juice. This 
juice is known as " must," and the pressed pulp and skins as the " marc." 

2. The Must. — This may projierly be considered as still a raw mate- 
rial, as its expression from the grapes is purely a mechanical process. This 
is now generally effected by power-presses of various forms, although at 
one time largely effected by trampling the gra|)es under feet (This method 
is still followed in the 0{X)rto and the Madeira wine districts.) The first 
portion of must that runs from the presses is often collected sejxirately, as 
it is the juice of the riyiest and sweetest gra])es ; that which comes later is 
richer in acid and in tannin, as it comes partly from unripe grai)es and 
partly from the stems and skins. The amount of must that is obtained 
usually ranges from sixty to seventy {)arts in the one hundred of gra[)es. 

The composition of this must is of the greatest imi)ortance, as u|)on it 
dej)ends the character of the wine that will be produced, whether it shall 
ferment normally throughout and develop the j^erfect flavor and aroma de- 
siretl, or whether it shall l)e thin and sour and show tendencies towards 
alteration or " disease." The proi)ortions of its constituents, especially the 
graj)e-sugar, may vary within quite wide limits from year to year, and in 
grajios grown in the same year under different conditions of soil, exposure, etc. 

Thus, two different nmsts of 1868 are given and two musts of the sanie 
variety of gra])e in two suec^eeiling years, the fii'st of which was a favorable 
vear and the stn.'ond an unfavorable vear. The analvses are all by Neubauer. 
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The percentage of graj)e-sugar in the must sinks at times to twelve per 
cent, and may rise as high as twenty-six to thirty per cent. The ratio 
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between acid and sugar, aooording to Fresenius, ranges from 1 : 29 for eood 
varieties of grapes in good years to 1 : 16 for inferior varieties in medium 
years. If tne ratio f^ls as low as 1 : 10, the grapes are unripe and taste 
acid. This ratio of acid to sugar is now generally taken as the criterion for 
the quality of the must in any year or special locality. 

In baa seasons the free acid is more generally malic than tartaric, which 
is the normal constituent. 

n. Processes of Manufacture. 

1. Fermentation. — The fermentation of the must is a spontaneous 
one following exposure to the air, and due to the spores which drop upon 
the surface of the must as exposed in the fermenting-tubs. It may be a 
sur&ce fermentation, taking place at temperatures of 15° to 20° C, as is 
the practice in Italy, Spain, and the south of France, or a bottom fermen- 
tation, taking place in cooler cellars at 5° to 12° C, as is the practice in 
Grennany and with the finer French wines. The first method produces a 
fiery wine rich in alcohol, but without bouquet or aroma ; the second method, 
lighter wines with delicate bouquet, due to the formation of wine ethers. 
In either case the fermentation can be divided, as was the case with malt 
liquors, into three stages: the first, or main fermentation, which, according 
as the surface or the bottom fermentation method is followed, lasts from three 
to eiffht days, or from two to four weeks ; the second, or still fermentation, 
whicn lasts until the following spring ; and the third, the storage fermen- ^. 
tation, which lasts for several years, until by the gradual development of its 
bouquet it becomes perfectly ripe. 

In the case of red wines, the main fermentation is allowed to take 
place with the marc added to the must, so that as the alcohol is developed 
it may dissolve out the coloring matter (oenocyanin) of the skins as well as 
some of the tannin, which latter is of benefit in effecting a more rapid 
separation of the protein materials. To prevent this pulpy mass from 
rising to the surface and starting a souring of the wine, perforated covers 
are often used in this case to hold it down. In the main fermentation, the 
casks are usually freely exposed to the air Many wine experts recommend 
in addition the aeration of the fermentmg must or a whipping of the 
liquid, so as to induce a fuller and more vigorous fermentation On the other 
hand, other authorities consider that this excessive exjwsure to air injures 
the quality and aroma of the wine, and recommend only a partial exjK)Sure 
to the air afler the main fermentation has begun. As the main fermenta- 
tion comes to an end, the yeast (with more or less tartar, gummy matter, 
and albuminoids) settles to the bottom, the liquid clears and is ready to be 
racked off into casks, under the name of young tvine (Jungwein), to undergo 
the after- or still fermentation. If the racking off does not take place 
promptly with the ending of the more energetic main fermentation, the 
young wine, of which a considerable surface is exposed to the air, is very 
apt to start into the acetic fermentation. The casks into which it is now 
put are kept quite full in order to prevent this undesirable change, slight 
additions being made every few days if necessary, and the bungs are set 
loosely in place. During this afler-fernientation there deposits upon the 
inner walls of the cask argolsy or impure acid potassium tartrate (Wein- 
stein), with some yeast and albuminoid matter. This fermentation lasts 
from three to six months, and then the wine is racked off again into smaller 
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raskn to tindei^o the final riiteoing, in which the bonqiift of the wine is 
especially developed by the formatioc of ethers, while it clears more thor- 
oughly from the remaining particles of yeast, ete. The duration of this 
ripening may be two, four, or with rich wines even eight years or more, 
when it is considered " bottle-riiK." During this ripening fungous vegeta- 
tion is very apt to start, and must be ari'csted in order to pi-event the 
spoiling of the wine. 

2. Diseases of Wises and Methods of Treating and Im- 
proving THEai. — The souring of wine, due to the beginning of tlie acetic 
fermentation, is one of the commonest of these so-«allea diseases, espedally 
with light wines, poor in alcohol and tannic acid, and henoe commoner 
with white than with red \nnes. It arises from too free an esposnre to 
the air and too high a temperature during fermentation. If just begun, it 
tan be cured by the addition of a small quantity of potashes, which form 
potassium acetate, or by starting the alcoholic fermentation afi-esh by add- 
ing a new quantity of sugar. If the souring is very pronouncetl it cannot 
be cured, and the wine is made into wine-vine^r. 

The gurominess or ropiness of wine frequently arises from a premature 
filling into bottles, and is due to the bt^inning of the mucous fermentation 
of sugar. It takes place in wines poor in tannic acid, and hence more 
readily with white than witii red wines, It on be cured by addition of 
tannic acid, treatment with sulphurous oxide, or starting a new fermenta- 
tion by addition of grape-sugar. 
, The development ot a stale or flat taste in the wine is due, according to 
Pasteur, to tlie growth of a thread-like ferment. The wine becomes cloudy, 
diminishcB in alcohol and increases in acid percentage, it darkens in color, 
and often has a disagreeable odor. The wine is racked off and put into a 
cask which has been filled with sulphurous oxide fumes, which distroy tlie 
ferment. 

The turning bitter of red wines is due also, according to Pasteur, to a 
plant-growth, according to others to tlie formation of a bitter aldehyde 
resin. Neul^uer has found that the tannic acid and the coloring matter 
both decrease in percentage in this disease. It can be cured completely by 
heating the wine to 60° to 64" C, or by starting the fermentation anew by 
adding fresh tntantities of grape-sugar. 

The mouktiness of wine is due to the development of a fungoid growth 
in the form of a white film on the surface of wines jxior in alcohol, and 
always precedes the souring of the wine. It is to be obviated by treat- 
ment with sulphur dioxide or more effectual protection of the young wine 
from the air. 

Of the general lines of treatment adopted to prevent the development 

these various diseases, we notice first the clarifjing with isinglass 
(finings) or other form of gelatine. This is jiarticularly applied to tlie 
sweet and heavy white wines, which often remain turbid and Irnve to be 
cleared by the coagulating of the albuminoid which is added. With red i 
wines which contain tannic acid, casein or blood albumen is used instead ] 
of gelatine. Fine clays are also used, especially in S)iain, for this ' 
clarifying. 

The most important process, however, which is applied for the pr*ee^ I 
vation and protection of wine against diseases is that known as " Pasteur- 
izing." It consists in heating the wine either in casks or in bottles to a 
temperature of 60° C, and then pre3er\-ing it without exposure to the air. 
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PROCESSES OF MANUFACTURE. 



This temperature is found to be suffirieot to kill most of ihc germs which 
liring sbout the diseaees Ijefore meutioned. A form of cask much used for 
this " Pastciirizing" proeesa is shown in Fig. 63. 




The useiif siliivlii' :iiiil t ] has been extensively tried, 

but its use hi^ff is vwn tn tl a ii 1 1 t J- before stated in s))eakiiig of 
beer, and it is now forbidden n mobt cuuntr eb 

Of the methods of " improving wines as it is termed, that known as 
"plastering" is probably most largelj practised its use for red wines ex- 
tending to Spain, Portugal, Italy and the St uti of France, It consists in 
adding plaster of Paris (burnt g\ psum) e ther to the unpressed grapes or to 
the must. The plaster takes up wat«.r and bO increases the alcoholic strength 
of the fermenting must, which m turn allows of a greater extraction of the 
coloring matter from the skins. At the same time the wine is given bet- 
ter keeping qualities as well as deeper color. However, the sulphate of 
lime changes the soluble potash salts of the wine into insoluble tartrate of 
lime and soluble acid sulphate of potash, which latter remains dissolved 
along with some of the gypsum, and undoubtedly has an injurious effect 
upon the consumers of the wine. The process has hence had to be con- 
trolled by law, and in France the sale of wine containing over .2 per cent, 
of potasuium sulphate ia prohibited. The ash of pure wine does not exceed 
.'i per cent., but in the samples of sherry usually met with it reaches .5 per 
(t-nt., and is almost entirely composed of sulphates. 

Hugonneng recommends adding dicalciiim phosphate instead of gypsum. 
This process, called " phosphotage," is said to have all tlie good effects ob- 
tainable from plastering u-ithout increasing, as the latter docs, the percentage 
of sulphuric acid and decreasing that of phosphoric acid. 

Chaptalization consists in neutralizing the excess of acidity in the must 
by the addition of marble-dust, ami increasing the saccharine content by 
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the addition of a certain quantity of cane-sugar, which the vintners some- 
times replace by starch-sugar. In this process the quantity of the wine is 
not increased, but it becomes richer in alcohol, poorer in acid, and the 
bouquet is not injured. It is much used in Burgundy. 

Gallization, as proposed by Dr. Grail, has for its object the bringing of 
the must of a bad year up to the standard found to belong to a good must 
(he takes as standard 24 per cent of sugar, .6 per cent, of acid, and 75.4 
per cent of water) by correcting the ratio of acid to su^r. This he does 
by adding sugar and water in sufficient quantity, and tables have been pre- 
pared to indicate the quantity needed according to the acid ratio shown bv 
analysis. In both these processes, starch-sugar ought never to be used as 
a cheaper substitute for cane-sugar, as commercial starch-sugar will always 
introduce dextrine, an entirely foreign constituent, into the must. 

Petiotization is a process which takes its name from Petiot, a proprietor 
in Burgundy, and is carried out as follows: The marc from which the 
juice has been separated as usual by pressure is mixed with a solution of 
sugar and water and the mixture again fermented, the second steeping con- 
taining, like the first, notable quantities of bitartrate of potash, tannic acid, 
etc., which are far from being exhausted by one extraction. The process 
may be repeated several times, the different infusions being mixed. This 
process is very largely used in France, and is said to produce wines rich in 
alcohol, of as good bouquet as the original wine, and of good keeping quali- 
ties. It is not allowed to be sold there, however, as natural wine. 

Scheelization consists in the addition of glycerine to the finished wine so 
as to improve the sweet taste without injuring its keeping qualities. The 
limits of the addition of glycerine lie between one and three litres to the 
hectolitre of wine. If the wine has not fully fermented, however, and if 
yeast-cells are present, the glycerine may yield propionic acid by decompo- 
sition. 

3. Manufacture of Effervescing Wines [Champagnes), — For the 
manufacture of champagne tlio blue sweet graj^es are preferred. They must 
be presswl promptly after picking in order that the least {)ossible amount of 
color ha taken up by the must. The first pressing only is used for the cham- 
pagne, and a sec<^)nd pressing of the maiv yields a reddish wine, which is differ- 
ently utilized. The must is first put into vats that impurities may settle and 
then filled into casks for the main fermentation, which is retarded as much 
as possible by Ix'ing «irried out in cool cellars. Cognac is also addtxl to the 
amount of aix)ut one jx^r cent., so as to increase the alcohol percentage ana 
thus mcxlerate the fermentation. After the main fermentation is finished the 
wine is rackcnl off into other casks and lefl stopped until M'inter (end of 
Decemlx?r). It is then fineil (or cleareil) with isin<rlass and tnmrferred U) 
other (»asks, and this ojx'ration is n^peat^xl in a month's time. Towa^^^ ^H 
beginning of April it is rcudy to Ix* transferred to lx)ttles. ^\v<! w^^*^ ^^ 
different growths are now mixed and the amount of sugar Xrv'^co^'^^^ ^^ ^ 
termined, when a calculated additional (quantity is added , >^^ ^'^^ ^ 
"liqueur'' (a mixture of alcohol and pure cane-sugar). "^^ ^^ ^ "^ 

are to receive the chanij)a«rne must Ix* sjxx^ially chosen s: 
strong to stand the pressure, which rists later to four to _.^ ^ 

They must also have sloj)ing sides, so that the sediment .i^^*^^^ 
the sides in the after-proc^ess. The \\ ine after Winjr corK-i<^^ >0^ 
secured by an iron fastening called ai^ <HP'f{h\ and the bcxif -o^ 'v!^ ' 
" piles in a horizontal position in tli^^ large champagne-v^— ^n>f;^X ;^ 
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White sugar 6 kilos. 

Raisins 6 kilos. 

Common salt 125 grammes. 

Tartaric acid 200 grammes. 



Common brandy .... 12 litreB. 

River water 95 litres. 

Gall-nuts (bruised) . . . 20 grammes. 
Brewer's yeast (in paste) . 200 g^rammes. 



To make this wine of a red color it is necessary only to add to the above 
ingredients two hundred and fifty to three hundred grammes of dry picked 
hollyhocks^ taking care to keep them at the bottom of the cask. 

The reports of the United States consular agents show that the manu- 
facture of this raisin wine has become an industry of large proportions in 
France at the present time. A significant additional indication oi the devel- 
opment of this artificial wine industry and of the similar one of petiotiz- 
ing in France is found in tlie statement of the amounts of cane-sugar use(i 
by French wine manufacturers in recent years. In 1885 there was used in 
France for the manufacture of grape ^vines 7,933,887 kilos, of cane-sugar; 
in 1886, 27,856,592 kilos.; for the manufacture of fruit wines in 1885, 
24,142 kilos, of sugar ; in 1886, for the same purpose, 145,555 kilos. Most 
of this fruit wine forms the basis of factitious champagne. 



in. Products. 

The normal constituents of a natural wine agree of course with those 
contained in the must, except in so far as new compounds have been devel- 
oped by the fermentation process and previously existing ones have been 
decomposed or made to separate out. 

We may divide the constituents of wine into two classes, volatile and 
fixed. Tlic volatile mattoi^s are as follows : Water (eighty to ninety per 
cent.) ; alcohol (five to fifteen jx?r cent.) ; glycerine (two to eight per cent); 
volatile acids, acetic, cenanthie, etc., constituting one-fourth to one-third 
of the total acidity ; aldehyde, compound ethers, together with other fla- 
grant indefinite constituents, which give the wine its flavor and bouquet. 
The fixed niattei's are glucrose, or grajjc-sugar, in small quantities in most 
wines ; bitartrate of i)otash, taitaric, malic, and phosphoric acid, paitly free 
and partly combined with various bases, of which compounds phosphate of 
lime is the most abundant, constituting from twenty to sixty per cent of the 
weight of the ash, the remainder being chiefly carbonate of potash, result- 
ing from the calcination of the bitartrate, with a little sulphate and traces 
of chlorides ; coloring niattei^s ; jxjctin and analogous gummy matters ; tannin, 
one to two j)cr cent, in red wines and traces only existing in white wines. 

No very simple scheme of classification is possible, as the methods and 
products of most countries are not fixed by rule, but vary widely according 
to the season and market. Still, we may distinguish bet^veen the I'ed and 
white, and the sweet and the diy, wines ; between the light and delicately- 
flavored German and French wines and the more fiery but coarser Italian 
and Swiss wines ; Ix'tween natural wines and those fortified by addition of 
alcohol, as port, sherry, and madeira ; between still wines and eflervescing 
or champagne wines. 

Most of these terms have already found their explanation in the descrij>- 
tion of the proc(\s.ses of manulactnre. We may add that a sweet wine is one 
in which a notable portion of the orio:inal grape-sugar of the must has 
escajKKl fermentation, or to which an addition of sugar has been made sub- 
sequent to the main fermentation. A dri/ wine, on the contrary, is one in 
which the sugar, whether originally present or subsequently added, has 



noet all nndereone change in the processes of fermentation. OutrnpagTua 
e wines in which a supplementaiy fermentation is purposely developed 
beequent to the bottling, whereby quantities of carbon dioxide gas are 
;ve]oped and held dissolved uoder pressure. On opening the bottiee and 
lus relieving the pressure a brisk ^ervesceace follows, due to the escape 
r the absorbed gas. Champagne-makers distinguish three grades of effer- 
eecmce. In Toouaaeux the pressure in the bottle amounts to from four to 
lur and a half atmospheres ; in grand mousseux it reaches five atmospheres ; 
nd leas than four atmospheres' pressure constitutes eremani (from ta crhme, 
cream"), a wine which throws up a froth, but does not give off carbonic 
cid violently. Some manu&cturers also distinguish a grade denar-wmBteun:. 
Of natural and unfortified foreign wines the following analyses from 
Eisner* refer to German wines exclusively : 
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The following analyses of French wines are from the official report of 
Ae Laboratoire Municipal at Paris for 1883 :t 
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contains some calcium tartrate mixed with the acid puta^ium sail 
amount ranging from two to nine per cent. 



rv. Analytical Tests and Methods. 



ssion of 1 



I 



In 1884 the Imperial German HealtL Office appointed a commission ol 
experts to report upon the best uniform methods for the analysis of wines. 
The methods agreed upon by that commission are ven' generally adopted 
now in Germany, and lai^ely ueed elsewhere in guiding wine analvsta. 
These official methods have been fully described and explained in a litde 
work entitled " Weinanalvse," by Dr. Ma.\ Barth, Leipzig, 1884. 

The specific gravity ot the wine is determined either by the pyknometer 
(specific gravity bottle) or by the Westpha! balance (see p. 80), the readings 
of which have been compared with those of the sjiecific gravity bottle. In 
the case of champagnes and effervescing wines, as was the case with beer, the 
carbonic acid must be got rid of as far as possible bctbre taking the speci£c 
gravity readings. 

The alcokol is determined by the direct distillation, as described on p, 
200, Wines that have a tendency to foam have a little tannin {,1 gramme) 
added. If one hundred cnbio centimetres of the sam])le is taken, sixty cnbic 
centimetres only need be collected, and will contain all the alcohol. This 
is then diluted to nearly one hundred cubic centimetres, cooled, uniformly 
mixed, and then brought exactly to the 100-cubie-<£ndmetre mark, misd 
again, and the specific 

■1.1 rr-L "'" '^^ 

gravity taken. Ihe 
form of apparatus best 
adapted tor this deter- 
mination of alcoholic 
strength of wines and 
liquors is shown in 
Fig, 64. For the 
rapid determination 
of the alcoholic 
Btrength of winea va- 
rious forms of appa- 
ratus have been de- 
vised, such as the 
vajwrimeter of Geisa- 
whicli the va- 
sion of an al- 
olie liquid exerted 
coltmin of 
is made to 
■e its percentage 
^th in alcohol, 
"'ebullioscope of 
*T^barie, of Malligand 
I wkI Vidal, and of 
LAmagat, which de- 
"md uprjn the obser- 

(on of tiie boiling-points of a spirituous liquor as determining the amount 1 
U»hol containea. None of these can be said to have scientific aucaraaygd 
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3 wine is not merely a mixture of alcohol and water, but contains other 
3iistituents which aifect the results in either case. 

The extrad determination. Here the direct weighing of the residue 
fter evaporation is preferred to the indirect method, fifty cubic centimetres 
f the wine, measured at 15^ C, are to be evaporated on the water-batli in a 
latinum dish (according to the German wine commission, this dish should 
e eighty-five millimetres in diameter, twenty millimeti'es in height, sev- 
nty-five cubic centimetres in capacity, and should weigh about twenty 
rammcs), and the residue dried for two and a half hours in a double-walled 
irater drying oven. In the case of wines containing more than .5 per cent, 
ugar, a smaller quantity must be taken and suitably diluted, so that the 
xtract shall not weigh more than 1.0 to 1.5 grammes. In this method, the 
oss of glycerine by evaporation is trifling. The indirect method for deter- 
nining the extract is very like that described under beer (see p. 200) as 
ySullivan's method, except that with wine we divide the excess of specific 
gravity observed over 1000 by 4.6 instead of 3.86, as the solids of wine 
have a higher solution density than those of extract of malt Or with the 
specific gravity of the de-alcoholized liquid we may get the extract percentage 
from Hager's tables, which are analogous to those of Schultze for malt 
extracts before referried to. 

The dsh percentage can be obtained by incineration of the evaporated 
extract above referred to. 

To determine the percentage oi glycerine, one hundred cubic centimetres 
of the wine are evaporated down to about ten cubic centimetres in a spacious 
porcelain dish ; some sand and milk of lime are then added till the reaction 
is strongly alkaline and the mixture evaporated almost to dryness. The 
residue is next treated with fifty centimetres of ninety-six per cent, alcohol, 
H-armed and stirred on the water-bath, and the solution obtained then passed 
through a filter. The insoluble matter is washed with successive small por- 
tions of hot alcohol (ninety-six per cent), of which fifty to one hundred and 
fifty cubic centimetres will as a rule suffice, so tliat the entire filtrate will be 
from one hundred cubic centimetres to two hundred cubic centimetres. The 
alcoholic extract is now evaporated to a viscous consistency, and the ixsidue 
taken up with ten cubic centimetres of absolute alcohol ; tliis solution is 
mixed with fiftieen cubic centimetres of ether in a stoppered flask and the 
mixture allowed to stand until clear. The clear liquid is decanted or filtered 
into a light tared glass vessel, carefully eva|)oratccl, and the residue dried 
for one hour in the water-bath. It is then cooled and weighed. In tJie 
2ase of sweet wines (containing more than five jxjr cent, of sugar), only fifty 
nibic centimetres of the wine are taken for the estimation of tlic glycerine ; 
iand and lime are added, and the mixture is warmed on the wator-batli. 
ifter cooling it is treated with one hundi'ed cubic centimetres of ninety-six 
XT cent alcohol, the precipitate formed allowed to settle, the solution fil- 
«red, the insoluble matter washed with spirit, and the alcoholic filtrate 
jreated as above described. 

To estimate tlie sugar in wine, Fehling's solution is used, as the sugar 
(hould be only glucose. After neutralization of the wine with sodium car- 
x>nate, the determination is made (using the separately preserved solutions 
br Fehling's mixture. See p. 159). Strongly-colonn:! wines must be firet 
lecolorizedf. If the sugar percentage is low, it is done with purified bone- 
>lack ; if they contain over .5 |)er cent, of sugar, bone-blaf?k cannot be used 
because of its absorptive power, and basic acetate of lead must be substi- 
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tuted. After filtering, the wine is then treated with sodium carbonate 
and Fehling's solution. If the polarization indicates the presence of cane- 
sugar, the solution must be inverted (see p. 158) and then the Fehling's test 
applied again, and the cane-sugar calculated from the difference in me two 
readings. The Fehling's test is best carried out gravimetrically, and from 
the weight of reduced copper the corresponding amount of glucose can be 
obtained from the tables. 

The polarizcUion, which is essential in the case of heavy wines to indicate 
the nature of the sugar contained, is carried out as follows : With white 
wines, to sixty cubic centimetres of the wine are added three cubic centi- 
metres of the basic acetate of lead solution and the precipitate filtered off on 
a dry filter. To 31.5 of the filtrate is added 1.5 cubic centimetres of a satu- 
rated solution of sodium carbonate and the solution again filtered and the 
polarization tube filled with the filtrate. The dilution of the original Mine 
m this case is 10 : 11. WUh red wines, sixty cubic centimetres of the wine 
are treated with six cubic centimetres of the lead solution, and to thirty-three 
aibic centimetres of the filtrate three cubic centimetres of the saturated 
sodium carbonate solution added, the solution filtered and polarized. The 
dilution here is 5 : 6. This diluted solution is observed in the 220- 
millimetre tube of the polariscope, and large and accurate instruments are 
necessary. 

The free acids (total acid-reacting constituents of the wine) are estimated 
in ten to twenty cubic centimetres of the wine by means of one-third or 
one-tenth normal alkali. Any considerable quantity of c^arbonic acid to w 
first removed by shaking. The " free acids" to be calculated into and given 
as tartaric acid (C4HgOg). 

Tlie volatile acuh are determined by steam distillation and calculated as 
acetic acid (CjH^Oo). 

TIio quantity of non-volatile acids calculated as tartaric is found by sub- 
tracting the ef[uivalent of the acetic acid in tartaric acid from the free ackh 
prcviously detcnninod. 

Tliese three determinations are all that are usually made in wine analyses. 
If a sjxH?ial qualitative test for free tartaric acid is desired or, in case it be 
shown to be present in appreciable quantity, a quantitative metluxl for its 
determination, tliev can Ix^ made by Xessler's methcxl, for details of which 
the reader is refernKl to Bartli\s " Weinanalyse" before mentioned, or to a 
summary of its nietli<xls in the " Journal of the Society of Chemical Indus- 
try," l<S8o, p. 553. 

The tannin may Ix determim^l by Xeubauer's method with pennanganate 
of potash, or approximately l)y the following procedure: the free acids in 
ten cubic centimetres of the wine are neutralized with standaixi alkali, after 
which one cubic centimetre of a forty ])er cent, solution of sodium acetate 
is added, and finally a ten |K'r cent, solution of ferric chloride, drop by d\\)\\ 
and avoidintr excess. One drop of this solution suffices ibr the precipitation 
of every .05 per cent, of tannin. 

>>alicj/li(' Acid. — To detect this acid, one hundred cubic centimetres of the 
wine are shaken re])eatedly with chloroform, the latter is evajKHTitcKl, and tli<* 
aqueous solution of the residue tested witli very dilute ferric chloride s^dii- 
tion. For the purpose of an approximate quantitative estimation, it is suffi- 
cient, on the evaporation of tlie chloroform, to once reciystallize the residue 

ni chloroform and weigli it. 

One of the most important (juestions that arises in the examination of 
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red wines is as to the genuineness of the coloring mattery as both vegetable 
and artificial dye colors have been used for years to imitate the natural color- 
ing matter in the manufacture of factitious red wines. Very elaborate 
sdiemes for the recognition of foreign coloring matters, including both the 
v^etable coloring matters like dye-woods and color-yielding berries and the 
lai^ number of the newer coal-tar colors, have been given by Grautier * 
and by Chas. Girard,t the director of the Laboratoire Municipal in Paris, 
to which we can only give references. The coloring matters most generally 
used to imitate the natural pigment of the grape-skins are fuchsine, coch- 
ineal, alderberry, hollyhock, and logwood. Dupr6 tests the coloring matter 
as follows : Cubes of jelly are prepared by dissolving one part of gelatine in 
twenty parts of hot water and pouring the solution in moulds to set. These 
are immersed in the wine under examination for twenty-four hours, then 
removed, slightly washed, and examined. Pure wine will color the gelatine 
only very superficially ; the majority of other coloring matters (fuchsine, 
cochineal, logwood. Brazil-wood, litmus, and indigo) penetrate more readily, 
passing to tne very centre of the cube. A confirmative test can also be 
made with the dialyzer. The coloring principle of pure wine when sub- 
jected to dialysis does not pass through the animal membrane to any decided 
extent, while the color of logwood. Brazil-wood, and cochineal easily dialyzes. 
If rosaniline colors alone are to be tested for, the procedure of Fali^re as 
improved by Nessler and Barth can be followed. One hundred cubic centi- 
metres of the wine are shaken in a stoppered jar with thirty cubic centi- 
metres of ether and five cubic centimetres of strong ammonia, and then 
twenty cubic centimetres of the ethereal layer removed with a pipette and 
evaporated in a capsule containing a thread of white wool five centimetres 
in length. Similar threads are dyed with known Quantities of magenta, and 
from a comparison of tints the amount of the adaed coloring matter in the 
wines is inferred. This test will detect minute quantities of fuchsine or ani- 
line red. If the same test be carried out without adding ammonia, the acid 
rosaniline colors and similar dyes will be extracted. The fact that pure wine 
color is not changed or decolorized by nascent hydrogen (zinc and acid), 
while most of the aniline dyes are decomposed by it, is also used as a test. 

D. MANUFACTURE OF DISTILLED LIQUORS, OR ARDENT SPIRITS. 

This industry differs radically from the two fermentation industries 
already described, firstly, in that the effort is made to push the fermentation 
to the fullest possible limit, so that the maximum Quantity of alcohol may 
be produced, and, secondly, in that this product of fermentation is then dis- 
tilled, and it may be redistilled in order to get a distillate richer in alcohol 
than the fermentation product itself can be. The end to be attained may 
be either the production of an alcoholic beverage as the product of distilla- 
tion or of raw spirit, which takes name from the material used, as " grain 
spirit,*' " potato spirit," " corn spirit," etc. From this raw spirit by the 
processes of rectification are obtained the " rectified spirit" used as the basis 
of the manufacture of various alcoholic beverages and as a solvent in vari- 
ous manufacturing processes, and by purification and dehydration the abso- 
lute ethyl alcohol of the chemist. 

♦ Wynter Blvth, Foods, Composition and Analysis, p. 464. 
f Deuxieme ftapport du Laboratoire Municipal. 
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I. Raw Materials. 
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^^M These may be divide<l into three classes : First, alcoholic lifjiiids, them- 

^H selves tlie product of fermentation, — these require only to be submitted to 
^H distillation in order to yield the stronger spirit ; second, solid and liquid 
^H materials containing some variety of sugar, whether (sne-sugar, grape- 
^H sugar, or maltose, which are directly or indire<lly fermentable ; and, third, 
^H starch-containing cereals and all materials capable under the influence of 
^H diastase or dilute acids of hydrolysis and the production of a fermentable 
H Bugar. 

^V 1. ArroHOLic LtQinns ( Winen). — The distillation of wines is followed 

^^ for the prtKliiction of an alcoholic beverage (brandy) which takes to some 

d^ree its flavor and bouquet from the wines used in the distillation. While 

factitious brandies are largely made from grain or |X)tato spirit, the tnie 

product from wine is always i-eganic*] as superior. 

I The manufacture of wine brandy has Ijcen chiefly carried out in France, 

and in minordegree in Spain and Portugal. Within recent years California 
wines have also been used for the manufacture of brandies. The French wines 
whidi are used are laigely those of the deiwrtments Charente and Charente- 
Inffricure, in the sontitwest of France, and the product is all kuown as 
Cognac brandy. 
White wines are said to yield a superior spirit to that obtained from red 
wines, and older wines lietter than newer ones. AI)out eight and a half 
hectolitres ofwinenre needed to produce one hectolitre of brandy. Because of 
the ravages of the Phylloxera insect, the manufacture of genuine wine Cognac 
has decreased enormously in France in recent years, while the manufacture of 
factitious C(^nac has corrcsjxindingly increased. Thus we find it ofiicially 
stated * that the prodiu^ion of alcohol from wine in France had decreased 
from 530,000 hectolitres in 187.5 to 14,678 hectolitres in i883. 

The marc of the grapes, as already stated {see p. 211), is also utilised in 
the manufacture of an inferior grade of brandy, known in France as can 
de vif (fc viarc. The lees, or sediment, of the wine-casks are also used in this 
eame way. This brandy is not necessarily sold for consumption, but is used 
to strengthen the alcoholic jK-rcentage of wines in which fermentation is to 
lie arrested. 

. SnoAR-coNTAlKtyo Raw Matbriai-s. — The most important sugar- 
yielding materials cullivatctl tm a large scale, it will be remembered, are the 
sugar-cane and the sugar-beet. The sugar-canes are not used direcdv for 
^ tiiie production of spirits (except in the ca.se of accidental souring), and the 
■"' ;aase," although still containing saccharine juice, is too bulky, and 
e is at once burned as fuel, but the molasses obtained on so large a scale 
9 extraction of raw sugar is a most valuable material for the purpose, 
^out both the West Indies and the E^st Indies enormous qiiantitiA 
a molasses are fermented and the resultant product distilled for rum. 
a the sugar-scums obtained in the defecating and concentrating of the 
gar juice are fermented, and produi-e an inferior grade of i-um. 
With the sugar-beet, both the beet itself and the beet-molasses are util- 
pud, the former being used in France and tlie latter in both France and 
^»n»ny. Sweet fruits, the juice of which is rich in sugar, also serve as 
(•w materials for the spirit industry. Thus ]>eache3, plums, and cherries 

* CeuxieDie Eapport du Luboratoire Municipal, p. 273. 
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are much used in different countries for the manufacture of fruit brandy, 
and the fermented juice of the date-palm in the East Indies and of the 
plantain in the West Indies both serve for the distillation of an alcoholic 
beverage. 

3. Starch-oontainino Raw Materials. — This list includes the 
main sources for the distillation of spirits, as the high percentage of starch 
in many cereals, ranging from sixty to seventy-seven per cent., the ease 
with which the starch can be converted into fermentable sugar under the 
influence of diastase or dilute acids, and the cheapness of these starchy 
products of nature all combine to make them for most countries the cheapest 
and best materials for the spirit industry. In the United States, the three 
cereals used almost exclusively for the manufacture of distilled liquors are 
com, rye, and malted barley ; in England, barley, both raw and malted, 
rye, com, and rice; in Grermany the potato is almost the only starchy 
material used. The composition of the several cereals showing their rela- 
tive percentage of starch was given on p. 169. 

n. Processes of Manu&cture. 

1. Preparation op the Wort. — In England and the United States,, 
where grain spirit is mainly manufactured, the first process is that of sac- 
charifying the starch of the grain. In the special cases where malted grain 
alone is used, the mash process somewhat resembles that already described 
under beer-brewing. Most distillers, however, use mixtures of raw and 
malted grain, in which the raw largely predominates, being often ten to 
one or even more, as a very small quantity of diastase can be made to con- 
vert a large amount of s^rch into maltose or fermentable sugar. It is 
stated, moreover, that the yield of spirit is larger when several kinds of 
grain are mixed than when one kind is used singly. The mixture of raw 
and malted grain, properly ground, is put into the mash-tub (see Fig. 62, 
p. 193) with water at 150° F. and agitated. This first mashing requires 
from one to four hours, the larger the quantity of raw grain used the longer 
being the time required for mashing. The temperature of the mixture is 
kept up to about 145° F. by the successive adaitions of water at a some- 
what higher temperature (190° to 200° F.). The object of the distiller in 
this is somewhat different from that of the beer-brewer. He wishes to 
convert the whole of the starch, if possible, into maltose, which is directly 
fermentable by the action of yeast, while the dextrine is not, so he must 
mash at not much over 146°, which it will be seen from Fig. 61 (p. 187) 
is the limit above which the maltose production begins to decrease. When 
the gelatinization of the starch is complete, the temperature of the mash 
may go slightly higher. By keeping within this limit of temperature, a 
minimum of diastase from the small admixture of malt will gradually 
change not only the starch, but bring about a hydration of the residual 
dextrine, converting it into maltose. When the wort has acquired its maxi- 
mum density, as found by the saccharometer, it is drawn off, and fresh 
water at about 190° F. is run upon the residue in the mash-tul) and allowed 
to infuse with it for one or two nours. This second wort is then added to 
the first A third weak wort is often obtained, and used to infuse new 
lots of pram. The mash is then cooled down promptly to the temperature 
required for fermentation so that the acetous fermentation may not set in. 

It is stated that in this method of direct mashing ten per cent, of the 
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starch escapes decomposition, even althoiigli the grain may be taken finely 
ground. Hence a preliminary warming with water t/j which a little green 
malt is sometimes added, followed by heating with wat*r under a pressure 
of several atmospheres, now often precedes the addition of the main quan- 
tity of the malt, which is to complete the conversion of the starch and dex- 
trine into maltose. In this way the loss may be reduced from ten to five 
per cent. 

In Germany potatoes constitute the chief raw material for the spirit 
manufacture. ThCT contain from eighteen to twenty per cent, of starch 
only, however, while the cereals contain over sixty per cent The amount 
of the malt needed for the saccharification of the starch can therefore be cor- 
respondingly reduced. Instead of mashing the ground, rasped, or chipped 
potatoes in open mash-tubs as was formerly done, they are now first steamed 
under a pressure of two to three atmospheres, whereby the starch-contain- 
ing cells are thoroughly niptured and the starch put in condition to be 
easily acted upon by the diastase. Among the forms of apparatus based 
upon this principle may be mentioned those of Hollefreund, Bohm, Heme, 
and Ellenberger, In that of Henze, which has t)een largely adopted, the 
potatoes, after steaming under a pressure of several atmospheres, are so dis- 
int^rated that on opening a valve in the bottom of the vessel the pulp is 
forced out through a grating in a thin stream. This is cooled, mix^l vrith 
the requisite quantity of malt, and started to mashing. In the Hollefreund 
and in the Bohm apparatus, tlie steaming, disint^rating, and masliing all 
take place io the same closed vessel, the malt being added after the dis- 
integrated mass has been properly cooled down. Green malt is found to 
work better in this case than air malt, and pi-oduces more alcohol. 

2. Fermentation of the Wort, or Saccharine Liqitip. — In the 
case of mashing, as described above, either with grain or with potatoes, the 
wort must first be cooled down before adding mo yeast and starting the 
fermentation. The yeast used is a surface yeast, and either fresh brewer's 
yeast or compressed yeaat (previously sofWncd in warm water) may be used. 
The procedure is now somewhat different, according as we have a grain- 
mosh or a potato-mash to deal with. In the former lase, using a thin wort 
drained from the exhausted grain, it has been found that the best residts 
are obtained when the temperature during fermentation rises to about 33* 
or 34° C. (92° to 94° F.), as shown in Fie. Gl (see p. 187): in the lattet 
case, where the entire mash, solid matter and all, is fermented, the fermenta- 
tion begins at a much lower temperature, and the heat evolved in the fer- 
mentation of such a concentrated wort ultimately carries the tcmi>erature to 
the same maximum. In the English plan, considerable lactic acid forms 
because of the higher temperature, and this is, of course, at the expense of 
the alcohol formation, while in the German plan, because of the low initial 
temperature of the fermentation, comparatively little lactic acid is produced, 
and when the higher temperatures are reached the mixture already contains so 
much alcohol that the lactic acid ferment grows with considerable difficult)". 

For one thousand litres of grain-mash, eight to ten litres of brewers 
yeast or one-half kilo, of compressed yeast are used ; for one hundred litre* 
of potato-mash, one to two litres of brewer's yeast or three-fourths to one 
kilo, of compressed yeast are needed. 

The fermentation is sometime divided into several stages : the prrtii 
nary fermentation, in which the yeast-cells grow mthout much alcohtJ 
fonnatioD ; the viain fermentation, iu which the maltose is lermunted ; and 
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the q/Zer-fermentation, in which the dextrine is gradually changed into mal- 
tose and this into alcohol. 

The time of fermentation varies from three to nine days, but it is carried 
on until the density of the liquid ceases to lessen or attenuate, which is 
determined by the saocharometer. 

The co^icierU of purity of a fermentation is a term used to designate 
what percentage of the available starchy material in a substance has 
actually undergone the pure alcoholic fermentation. Thus, the reaction 
C^HjqOj -|- HjO = 2C2HeO -f 2CO2 demands from one kilogramme of 
starch a percentage of alcohol equal to 71.7 litres, and such a yield from 
one kilogramme of fermented material would indicate a purity coefficient of 
one hundred per cent. A percentage yield equal to sixty liti^es of alcohol 
from one kilo, of material would give a purity coefficient of 83.7 \^r cent. 
The use of hydrofluoric acid or ammonium fluoride, first proposed by 
Efiront as an antiseptic and indirect aid to the alcoholic fermentation, has 
become quite important in the spirit industry. The advantages claimed for 
its use are : first, by preventing the losses due to secondary fermentation, 
the alcohol yield is increased ; second, this yield is especially maintained 
when raw materials of somewhat inferior quality are used, when without 
the hydrofluoric acid the yield would be diminishe<l ; third, the develop- 
ment of foaming in the fermentation is in large degree prevented. 

In France, the juice from inferior beets instead of being worked for the 
extraction of sugar is often fermented and distilled. The juice is made 
slifjhtlv acid with sulphuric acid to prevent any viscous fermentation, and 
a small quantity of brewer's yeast is added. The temjxjrature of the fer- 
mentation is from 20° to 22° C, and the process is usually complete in 
from twenty-four to thirty-six hours. 

The use of the molasses obtained in the extraction of the raw sugar, 
whether from the sugar-beet or the sugar-cane, is, however, much more 
common. In France and Germany, where the beet-sugar molasses is pro- 
duced in large quantities, the raolaases originally marking 40° to 48° 
Beaum^ is diluted to 8° or 10° Beaum^, and sulphuric acid of 66^ is added 
to the amount of 1.5 per cent, of the molasses taken. This neutralizes the 
bases of the beet-molasses and inverts the cane-sugar present, bringing it 
into fermentable form. Brewer's yeast is then added, and the fermentation 
proceeds rapidly. The temperature mnges from 22° C, that usually chosen 
in France, where more dilute solutions are fermented, to 25° to 30° C. in 
Germany, where the concentration is usually as much as 1 2° B. Two hundred- 
weight of molasses at 42° B. will furnish about six gallons of pure spirit. 

In the West Indies, notably in Jamaica, the cane-sugar molasses is 
similarly utilized, but the procedure is somewhat different. In this case the 
addition of yeast is unnecessary, as the nitrogenous matters present suffice 
to start spontaneous fermentation. The best rum is that gotten from the 
molasses alone ; a second grade is obtained from the skimmings and " sweet- 
waters" which accumulate in the extmetiou of the sugar. To these is added 
some "dunder" (fermentcnl wash, deprived by distillation of its alcohol and 
much concentrated by boilinjr), which acts as the ferment and starts the 
action. Molasses is then added in the proportion of six gallons to every 
hundred gallons of the fermenting liquid and the action allowcKi to go to 
completion. One hundred gallons of this mixture when distilleil should 
yiela twenty-five gallons of " low wines" or one gallon of proof ruiu for 
each gallon of molasses employed. 
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i fermentation industries. 

3. Distillation of the Fermented Mash, oh Alcoholic 
Liquid. — U}>on the construction of apparatus for the distilline from the 
fermented niasL of the alcohol which it eontains much skill ana ingenuity 
have been displayed, and some of the later forms of stills and rectifying 
apparatus employeti in large distilleries are wonderfully adapted for obtain- 
ing in a continuous operation the purest and strongest alcohol from the crude 
fermentation products. We may distinguish some five main classes of 
distilling apparatus, of which the minor varieties are too niimcrous to be 
, specially enumerated. Tlip.>« classes are: first, simple stills with worm 
condenser heated by direct firing j second, simple stills with closed " wash- 
warmer" ; third, stills with rectifying " wash-warmer" ; fourth, stills with 
" wash- warmer," rectifying and depnlegmator apparatus for intermittent 
working ; and, fifth, similar forms of construction for continuous working. 
The first and simplest of these classes hardly needs any special description. 
The stills are usually of copper, fiat-bottomed, and often of great size, es- 
pecially in Irish and Scotch wliiskey distilleries. It is obvious that their 
use involves a great waste of fuel. Therefore one of the earliest devices for 
economizing the heat of distillation consisted in interposing between the still 
and the refrigerating apparatus a " wash-warmer," or vessel filled with tlie 
Iiqui<l ready for distillation. Through this vessel the pipe conveying the hot 
vapore to the refrigerator coil {Hissed, and the vapors partly condensing there 
heated up the wash, which then \vent into the still quite hot Dom's appa- 
ratus, still somewhat used in smaller establish men ts in Germany, accom- 
Elisbed the same thing, and effected a partial rectification of the distillate by 
aving interposed between the still and the refrigerator a vessel divided 
horizontally into two compartments by a diaphragm of copper. The upper 
and larger compartment ser\'ed as a wash-warmer, and through it the tube 
I conveying the vairors from the still passed into the lower compartment, where 
at first the distillate condensed. As the wash becomes warmi-d u]) tliis dis- 
tillate gives off alcoholic vapors, which then pass on and are I'ondenaed in 
the worm, while die watery portion is allowea to flow back into the still by 
a side-connection. It is obvious that this rectifying action can be inci-eased 
by the introduction of two or more such vessels bet«'een the still and the 
final condenser, and so a distillate much richer in alcohol be obtained. 

Another principle was now brought into play in efliiting a fractional 
condensation, that of dephlegniation, or chilling the va|H)r coming off by 
contact with metallic dia])ln'agms so that a portion of it, and of course the 
most watery, is condensed and separated while the richly alcoholic vapor 
passes on into the rectifier or condenser. Three types of these most elab- 
orate apparatus may be briefly referred to : the Pistorius apparatus, used in 
Germany for the thick potato-mashes of that countrj', which is intermittent, 
the Coffey still, used in England and Scotland for tlie tliinner worts froai 
rain, and the culumn apparatus, first introduced by Savalle and improved 
f later invcntore, which is used in France for distilling wines and in Ger- 
any to follow up the work of the Pistorius or similar apparatus. Both 
e Coffey still and tlie column apparatus are continuous in action. In the 
Pistorius apparatus, two lH>ilers and a wash-warmer are used for the fresh 
mash, and are connected so that the vapors from tlie first boiler pass into 
the second boiler, heating it up and in time driving vapor from it, which 
n jiasses around the wash-warmer and goes through several dephlegma- 
s placed one above the other. In these tlie n*aterj' alcohol is continually 
I cooden^ and running back to the second boiler, while the i 
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dcnsed vapor which escapes from the top dephlegmator goes finally t 

refrigerating apparatus. The Pistorius apparatus has been improved 

by Ghill, Schwartz, and Siemens. The Coffey still, illustrated in Fij 

consists of two columns placed side by side, made of wood and lined 

copper. The analyzer, ^1, is divided into twelve small compartmen 

four horizontal plates of w>ppcr, a, perforated with numerous lu»li^ 

furnished with valves omming upwards. Dropping-pipes, b 6, an. 

attaclu^ to each plate, the upper end of the pipe being an incli oi 

al)ove the plate and the lower end dipping into a shallow pan, c, place 

the lower plate. The second column or rectifier, B, receives the spiri 

vapors {Kissing from the colunm A throueh the pii>e f/. This column i? 

divided into comiKirtments like A, but there are fifteen instead of tw 

The ten lower diaphragms, /, aix» pierced with small holes and furn 

with drop-pipes, vniile the upixT five have only one large opening 

roundwl by a ring to prevent the finished spirit from returning. Bet 

eacli of these compartments {wusscs a bend of a long zigzag pipe, n n' 

end of whicli is atta(»hetl to the pump ??i, whilst the other end disc^harj^o 

i»ontents of the pipe into the top of the column A, as indicated by the ai 

The following is the working of the apparatus. In the first place, the 

men ten! liquor or wash is pum])ed up by the pump m until the zigziii: 

is filleil and the wort flows over the compartments a a a. Steam is 

admittiil into the a)mj)artments of the analyzer by the pi])e d and hoiU 

wash, which is depriveil of all its alwhol by the time it reaches the Ixi 

of the cylinder and flows off* by efss spent wash. The strong spirit 

vajH)r jwissi^ through r/ to the rectifier, and at last through the wonu 

the ivfrigonitor into the riHxnver. The Coffey still is recognized as the 

and most i'0«)nomic;d dovitv for prejvaring a highly-concentrateil spirit 

single opi*ration. It is siKH'ially adapted for preparing from grain-m: 

what is ralUxl '' silent spirit/' which is almost entirely destitute of H; 

and ot' a stri^ngth ranging from fifty-five to seventy over pnxif. 

not s*» well adaptixl for the distillati(>n of malt whiskey as fire-hcniuJ s 

Inxiuise the jKHUiliar flavor of the whiskey depends upon the retention 1>; 

alcoliolic distillate of the volatile oils produced in the mash, and the C 

still Si'panites the alo^iiol tW^n thesi» as well as other impurities. The f 

of api^iratus umhI in Framv lor the distillation of wines an* illustrate 

that of Cellier-Hlumonthal as iinprovinl by Den>sne, shown in Fiir 

The alitJiolic va|H»i*s iVom .1 pass mto />, and thence into the rei.tit 

^nmn ( ', which tvntains a SiTiis of ]HTforat«»il meud cups over which 

nn the wini^wariner, h\ is tri«*kling. The vapors thus enrichiH 

ough the upjvr itH'tityinsr *.H»luniu, D, and thence to the wine-warmo 

ioh stTVis as a lirst i.\»ndenstT, and then to the ii>ld (»ondenser, /■', ai 

du* ix^lliH'ting vess*»l. Alter the oivration is well under way the su 

wine i*:ui Iv intnHluvwl innn //through G. /:. and A\ while the de-i 

tolixinl liquid wui Iv nin otV from the lower side of -I. 

Another fonn of still very lai-gi'ly usiil in Framv and Belgium, esiHv 

for thin maslu's like molas<i^s and Invt-mash, is that of Siivalle, illusti 

in Fitf. 67- It is a ivntinuous-WiU-kiui: apj^iratus. 7? is the still pr 

^^•^Iw by stituu-piiH's, .1 is the nvti tying o»lunin, C is for (iitcnintr 1 

"Mm tube ivndensiTand K the a>Kl vvndenser. The elements \n 

^llaiIl^aml nvtityiuir {\irt> v»f the ci»lumn .1 are show 

. xhe \'a[H*rs rising jk\ss thn-^ugh the holes of the 

'fbkh ivsts a layer ot ^.x-ndenseil liquid which can 
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iia down througb d into llie cup c placed below it. From these cups it 
erflowu upon tbe perforated plate and is again drained off by the next 
onectiog tube, d. The riaiag vapors are therefore washed by the liquid 
)0D each |:(errorated plate. 




4. Rectifv-inq and Purifying op the Distilled Spihit. — The 
)dafte from the prelimiDarv distillation from the ferniented grain- or 
lato-mafib are not at first sufficiently strong, but must be strengthened by 
tifying. In England, the spirita obtained by the first distillation from 
tut-mash are generally called hw wines, and have a s[>ecific gravity of 
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ibont .975, By rectifying, or doubling, a crude milky spirit, abounding is 1 
m1, at first ctimes over, followed by clear spirit, which is then caught sepa- 
rately. When the alcoholic strength of the distilled liquid hos considerably 
iliminisbed, the remaiDing weak spirit that distils over, called fainli, is 
diigbt separately and mixed with the low wines pi-epai-atory to another i 




Oislillation. The rectift lug is nmst iapidl\ and effectually done in tbe aev- 
^1 forms of column apjiaratus, the Ik's! of which will yield a very pnre 
^robol in one »r two operations. 

An improved 8avalle rectifying column as used generally in French aiitl ' 
Belgian distilleries is shown in Fig. 70. It consist* of a atdl, A, neated bvl 
cl'i^pd sieuni-coik, a reitifying culnnin, B, two tubular condensers. C'and Afl 
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from the upper of wliich any condensed vapors flow back into the rectifying 
cohimn as " low wines," while the lower condenser takes the more volatile 
product and passes it on as high-grade alcohol to tlie receiving-vessel, F, 

Tlie purifying of raw spirit, notably that from grain and potatoes, from 
what is called fusel oil (propyl, isobutyl, and amyl alcohols) is also a matter 
of great importance if the spirit is to be used as the basis of any manufac- 
tured liquors. This fusel oil sticks persistently to the alcoholic distillates, 
and alcohol rectified until it reaches a strength of ninety-five or ninety-six 
per cent, by volume contains fusel oil. Some acetaldehyde also remains dis- 
solved in the alcohol, giving the raw spirit a bitter taste. Various reme- 
dies have been proposed of a chemical nature, such as a treatment of the 
raw spirit with oxidizing agents like chromic acid and 07X)ne, but they have 
accomplished little as yet. The method most generally in use is to dilute 
the alcohol with water until it is about fifYy per cent, strength, by which 
means the fusel oil st^paratcs out insoluble in the dilute spirit, and then to 
filter through wood charcoal. This process seems to be quite successful in 
removing the higher alcohols. The wood charcoal can be revivified by 
heating to redness in closed retorts. Another method which is now being 
experimented upon on a large scale, known as the Bang and Ruffin process, 
is to shake up the diluted spirit with petroleum oils, which have the power 
of absorbing the fusel oil and so witlidrawing it from the dilute alcohol. 

5. Manufacture of Alcoholic Beverages from Rectified 
Spirit. — Much of the rectified spirit, from whatever source derived, is used 
in connection with the manufacture of wines for fortifvine: them and in 
arresting fermentation at any desired stage. The so-called " silent spirit 
made in England by the use of the Coffey still from grain-wort is largely 
utiliztKl in the manufacture of factitious brandies and wines, and the same 
thing applies to the spirit manufactured in France from lx?(^t-r(K)ts and beet- 
root molasst^s, where it is made to su})ply the deficiencies in the wine and 
Cognac production. The composition of many of these factitious or imita- 
tion liquors will be s})oken of in the next section in enumerating the pnxlucts 
of this industry. 

m. Products. 

1. Rectified and Proof Spirit. — "Rectified spirit of wine'' is the 
name given to the most concent rate<l ahrohol pnxlucible by ordinary distil- 
lation. The British PliarniacopcTeia (l(\s(Tibes rectified spirit as containing 
eighty-four per cent. l)v weight of real alcoliol and having a specific gravity 
of .888. The Unite^j States Pharmacopceia under the name "alcc^hol" 
simply calls for a spirit containing ninety-one per cent, of real alcohol and 
having a spe<*ific gravity of .820. The " spirit'' of the German Pharma- 
cojxeia has a specific gravity of .830 to .834, and hence corrinsponds more 
nearly to the J^ritish "rectified spirit." 

" Proof spirit" is a term in constant use in England for the purj>oses of 
excise, and its strength was defineil by act of Parliament to be such that at 
51° F. (10° C.) thirteen volumes shall weigh the same as twelve volumes 
of distilled water. The ^^ proof spirit" so made will have a s|)ecific gravity 
of .91984 at 15.5° C. (()()° F.) and contain, according to Fownes, 49.24 \wr 
cent, by weight of alcohol and 50. 7() \)vv cent, of water. Spirits weaker 
than proof are described as IT. P. (under proof), stronger than proof as 
O. P. (over proof) ; thus, a s})irij: of fifty U. P. means firty water and fifly 
proof spirit, while fifty O. P. means that the alcohol is of such strength that 
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to every one hundred of the spirit fifty of water would have to be added to 
reduce it to proof strength. Tables are in use which give for alcohol of a 
given specific gravity at 15.5° C. (60® F.) the corresponding percentage by 
weight, percentage by volume, and percentage of proof spirit contained. (See 
Wynter Blyth, Foods, Composition and Analysis, p. 371.) 

' 2. Alcoholic Beverages made by Direct Distillation of the 
Fermentation Products. — Airack. — Any alcoholic liquor is called 
"arrack" in the E^t, but arrack proper is a liquor distilled either from 
toddy, the fermented juice of the cocoa-nut palm, or from malted rice. The 
arrack from Groa and Columbo is considered the best, and is made from 
toddy alone. This latter is gotten by the incision of the palm, and is col- 
lected in pots hung to the tree under the cuts. It is then fermented and 
distilled. In preparing the other variet}% as carried out in Batavia and 
Jamaica, the rice is covered with water and allowed to germinate, dried at a 
temperature of 59° F., which arrests germination, and then a wort is made 
from the malted rice in the same manner as from malted grain, which is 
afterwards distilled. The commonest pariah arrack of India is generally 
narcotic, very intoxicating, and unwholesome. It is prepared from coarse 
jaggery sugar, spoilt toddy, refuse rice, etc., and rendered more intoxicating 
by the addition of hemp leaves, poppy-heads, juice of stramonium, and sim- 
ilar deleterious substances. 

Brandy in its purest form (Cognac) is the direct product of the distilla- 
tion of French wines. Its peculiar flavor and aroma are due to the presence 
of ethyl pelargonate (oenanthic ether). The better qualities of Cognac are 
distilled from white wines, the inferior varieties from the dark-red Spanish 
and Portuguese wines or from the marc or refuse of the wine-press, and 
called eau de vie de marc. A great deal is also entirely factitious, being mix- 
tures of grain spirit and water to which different coloring and aromatic 
substances have been added. When first distilled, brandy, like other spirit- 
uous liquors, is colorless, when it is known as white brandy, and continues 
so if kept in glass- or stone-ware, but if stored in oak casks, as is usually 
the case, it gradually acquires a yellowish tint from the wood, and it is tlu n 
termed jKde brandy. The still deeper color which it frequently possesses is 
given it by the addition of caramel-color, which was originally designed to 
simulate the appearance of an old brandy long stored in casks. The color- 
ing matter is also sometimes prepared from catechu and similar astringent 
and aromatic substances. 

Numerous recipes for factitious brandies are furnished for the use 
of rectifiers in making up imitations of Cognac. Two such recipes are 
given : 

Xo. 1. — Powdered catechu, 100 grammes ; sassafras-wood, 10 grammes ; 
balsam of tolu, 10 grammes ; vanilla, 5 grammes ; essence of bitter almonds, 
1 gramme ; well-flavored alcohol (at 85°), 1 litre. 

No. 2. — Malt spirit (17 U. P.), 100 gallons; nitrous ether, 2 quarts; 
ground cassia-buds, 4 ounces ; bitter almond meal, 5 ounces ; sliced orris- 
root, 6 ounces; cloves in powder, 1 ounce; capsicum, H ount^es; good 
vinegar, 3 gallons; brandy-coloring, 3 pints ; powdered catechu, 2 pounds; 
full-flavored Jamaica rum, 2 gallons. Mix in an empty Cognac-cask and 
macerate for a fortnight, with occasional stirring. Produces 106 gallons at 
21 or 22 U. P. 

KirschttKisser is a spirituous liquor obtained in the Black Forest and in 
Switzerland by the distillation of cherries. These are picked free from the 
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stalks and onlv the sound fruit taken. Thev are crushed for the extraction 
of the juice, and a portion of the cherry-stones are then separately crushed 
so as to bruise the kernels and returned to the juice. These hruis^ kernels 
im^yart the almond flavor to the pnxluct and give to it a small quantity of 
prussic acid (.15 gramme per litre in good kirsch and more in inferior 
kinds). After fermentation the liquor is drawn oif and distilled by steam. 
The kirsch is colorless, of agreeable odor and flavor, which improves by 
keeping, and equal in strength to the strongest spirit 

Rum is a spirit obtained in the West Indies, notably in Jamaica, Mar- 
tinique, and Guadelouije, from the molasses of the sugar-cane by fermenta- 
tion and distillation. The process of fermentation of the molasses as carried 
out in Jamaica has already been described. When new, rum is white and 
trans|)arent, and has when freshly distilled an unpleasant odor, due to oils 
containeil. These are got rid of by treatment with charcoal and lime. It 
owes its characteristic flavor to butyric ether, w^hich compound is also pre- 
j>ared artificially on a large scale, and as rum essence is used with "silent 
spirit" to make a factitious rum. Hum is always colored artificially with 
caramel-c»olor. 

mtiskcy is the spirit obtained from the fermentcil wort of com, r}'o,and 
barley, either raw or malted. In Scotland and Ireland, malted barley, jnire 
or mixed with other grain, is chiefly used ; in the preparation of the Bour- 
bon whiskey of Kentucky jiartially-malted com and rye are taken, while 
for the Monongahela whiskey of Western Pennsylvania only r}'e (with ten 
per ivut, of malt) is ust»d. 

The difference Ix^twwm the Irish and the Scotch whiskevs lies mainlv in 
the fact that the former is distilleil in the common or so-called ]X)t-stills 
wlii(»h brings over together with the spirit a variety of flavoring and otluT 
iugreilients from the grain, while in Scotland the Coffey still is used, the 
product of which is a spirit dcprivcnl of t^si^ntial oils. The Irish *' |)otcen' 
whiskey has a smoky flavor, due to the use^ of j)cat fires in pre|>arin^ the 
malt. This flavor is imitatcnl by the addition of one or two drops of cwi- 
sote to the gallon of spirits. 

o. Al(X)H()lio Bkvkkages made from Grain Spirit by Distiixa- 
TioN rxnKR Special CoxDiTKiNs. — (rin is common grain spirit distilled 
and aromatiztxl with junijHT-lKTriis, either when the **low wines" are o)n- 
cvntnittxl or later, using full-stix'ugth spirit. The proportion employcil i» 
variabh\ dejH^ndinir u}K>n the nature of the spirit ; usually one kilograrame 
of IxTries is enough to flavor one luH'tolitre o( raw grain s|>irit. The fine&'t 
gin, known as ** Hollands/* is made in the distillerit»s of Schieilam, whence 
also the name ** Si'hitHlam Si'lina}»ps/' Strasshurg turix^ntine, oil of fennel, 
coriander and uiixlanioni s<h»i1s aiv Imiuentlv sul>stituted eithiT wh(»llvorin 
|>jirt lor the JunijH'r-berric^, ]wrtioularly in the English-made gin. in^ 
quality and health fuliuss of the gin de|RnKls largely u|x>n the purity of the 
spirit usihI in the distillation, whether raw or nvtitied. 

It is obvious that many ilutitious brandies In^long also in this class W'H? 
made by distillation of mixtuivs of whirh grain spirit is the basis and n'»t 
by distillation of wine. Thesi* havL* alnady Ihvu di»scril)ed. 

4. LiQi'Erns and Cori>iai>. — Liiiueui-s is the name now given to suA 
spirituous drinks as an* obtaiut^l by mixing various aromatic substami'S, 
■nch as anise, al>sintli;\ css<'niv «4* orangi^jK-el. etc, with brandy or aUH»lwL 
obtaineil by stivping in pure brandy or spirit diffen'ut fruit.-i or 
herbs and submitting the n'sulting licpiid to distillation. They 
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colored, and are usually sweetened with sugar. The best known 
absinthe, contains a characteristic ingredient, oil of wormwood, to 
deleterious effects on the nervous system are supposed to be due. 
ime time the amount of total essential oils held dissolved in the 
alcoholic liquid are such that when diluted with water the solution 
milky and turbid. 

Qg the liqueurs may be enumerated Absinthe (consumed chiefly in 
nisette (made in the south of France), Chartreuse (made by the monks 
rande Chartreuse Monastery near Grenoble), Oira^oa (originally 
Holland of Cura9oa orange^, Maraschino (made in Italy of Dal- 
herries). Ratafia (made in France from a great variety of fruits), 
lebaugh (a strong cordial made in Ireland. It furnishes the name 
ch the word whiskey is derived). 

composition of the several alcoholic liquors enumerated cannot be 
great detail, as their diiferenoes depend so largely upon the flavor- 
iromatic ethers and essential oils, which are present in very minute 
>. Their general differences in alcoholic strength and the extract 
)f several are, however, given on the authority of Konig : * 





Alcohol 

by 
volume. 


Alcohol 

by 
weight. 




Alcohol 

by 
volume. 


Alcohol 

by 
weight 


Jobrv wutkv 


62.0 
50.3 
49.9 
49.4 
60.0 


64.2 

42.8 
42 3 
41.9 
52.2 


Gin 


47.8 
45.0 
49.7 
55.0 


40.3 
87.9 
42.2 
47.3 


liskey . . *. 
skey .... 
whiskey . . 
, whiskey . . 


Ordinary German schnapps 

Rum 

French Cognac brandy . . 



ne hundred cubic centimetres of the following : 





Specific 
gravity. 


Alcohol by 
volume. 


Alcohol by 
weight 


Extract 


Ash. 




0.9158 
0.8987 
0.9378 


60.5 
69.5 
51.4 


52.7 
61.7 
34.7 


0.082 
0.645 
1.260 


0.024 
0.009 
0.059 









composition of some of the well-known liqueurs is also given on 
authority : f 



p of Maag bitters 
ne bitters . . . 

menthe .... 
>f Bordeaux . . 




liqueur . . . 
int liqueur . . 
)unch .... 



0.9116 
0.9426 
1.0709 
1.0481 
1 .0447 
1 .0847 
1.0300 
1.0830 
1.1429 
1.1030 
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other ex- 
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• • 


0.1 s't 


■ • 


0.32 
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• • 


• • 
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44.4 
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3.43 
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40.2 


27.70 
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28.28 


27.63 
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34.82 
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55.0 


47.3 


28 60 


28.50 


0.10 


33.9 


28.0 


32.02 


31 18 


0.84 


34.5 


28 


48.25 


47.35 


0.90 


26.3 


21.0 


30.61 


• • 


• • 



0.106 
0.043 
0.141 
0.068 
0.040 
0.040 
0.058 
0.068 



* Konig, Nahrungs- und Genu.ssmittel, vol. ii. p. 469. 
t Ibid., p. 470. * Oil of wormwood. 
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5. Sit)E-PRODUCTS. — ^The distiller's residues (Schlempe, vinasse) form a 
side-product of considerable value as a cattle food because of its composi- 
tion. It is especially rich in protein matter, fat, and non-nitn^nous ex- 
tractive, or carbohydrates. The residues from the beet- and cane-molasses 
distillation, moreover, yield an ash very rich in potash salts, so that they 
constitute, especially in France, a very important source of potashes. The 
composition of several of these distillery residues are given in the moist 
state on the authority of Konig : * 



Rye-mash residues (ten 
analyses) 

Potato-mash residues 
(six analyses) .... 

Molasses residues . . . 



Water. 


Fat. 


Nitro- 
genous 
matter. 


Non-nitro- 
genous 
extract. 


Cellulose. 


93.48 


0.22 


1.40 


4.05 


0.62 


96.10 
91.86 


0.17 

• • 


1.17 
2.04 


2.17 
4.66 


0.92 

• • 



Ash. 



0.33 i 



0.47 
1.54 



Two complete analyses of distillery residues dried by centrifugating 
and heating in kilns are given on the authority of Rosenbaum if 

Maize. Potatoes. 

Water 11.62 7.i*3 

Ash 6.50 16.40 

Crude proteid matter 21.44 28.08 

Crude fibre 10.54 8.60 

Non-nitrogenous extractives 38.96 40.54 

Crude fat 11.44 3.56 

100.00 100.00 

Of these constituents the following were assimilable as food : 

Albuminoids 17.20 18.50 

Carbohydrates 37.40 39.40 

Fat 9.10 2.85 



IV. Analytical Tests and Methods. 

The most important determination in this class of beverages is the 
alcoliolic strength. In the (^se of rectitieci or proof spirit, a simple si)ecific 
gravity determination is all that is necessary, and then the percentage 
stren^tli can he found from tlie alcohol tables that have been prepared. 
The determination should l>e made at 15.5° C. (60° F.), or if at another 
temperature, a eorrcH^-tion in the reading must be made. By multiplying 
tlie number of degrees above or Ix'low 15° by .4 and adding the pnxiiictto 
the {)er('entage given by the table when the temj)erature is lower tlian 15°, 
or de<lu('ting it when the temj)ei*ature is above, we get a correct result. In 
freshlv-distilled and colorless whiskeys and brandies, in which the amount 
of extract is trifling, the alcoholic jx^reentage can also be determined with 
sufficient aeeuraey by the specific* gravity method. In such liquors as con- 
tain more extractive matter, like rum and the liqueurs and cordials, the 



* K6nii2:. Xahrunii^s- und Gi^nu.ssmittel, vol. ii. p. 468. 
t Jahresber. der Chem. Technol., 1887, p. 1058. 
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dioxide gas when first generated 'is caught in the thick and viscid dougb and 
causes it to swell up and bet^me spongj' in atrncture. This not only givfs 
ty the bread when baked a porous and eellnlar stnicture, but allows the 
chemical cliangea to lake place throughout its entire substance, whereby it is 
made more readily digestible. 

As the only effective result of the alcoholic fermentation is performed 
by the carbon dioxide, of course the addition of chemical mixtures libeN 
ating carbon dioxide gas in the dough may be made to obviate the necessity 
of using leaven or yeast, and similarly aerated breads may be made by siniplr 
forcing carbon dioxide under pressure into the dough. 

A few varieties of bread are made from dough, baked without anv aera- 
tion either natural or artificial, such as hard crackers, the unleavened bretiil 
of the Jews, the Scotch oat-i'ake, and the ciirn-eake of the LSoutliern States, 
These exceptions are of" relatively minor imp<irtana*, and by far tlie largest 
amount of bread is prepared by the aid of a fermentation process. 



I. Baw Materials. 

1. Flour. — This may be from either wheat, rye, barley, oats, maize,w 
Indian com, and rice, although wheat flour is used in far the largest amount 

The average composition of the several cereals has already been given, 
(See i»ge 169.) Wheat Hourctmtains the following substances: starch, Jen- 
trine, cellulose, sugar, albumen, gliadin, or gluten, mucin, fibrin, cerealin, tat, 
mineral matters, and water. The first four are carbohydrates, or non-nitro- 
genous substances, and they form nearly thi-ee-fourths of the entire weight of 
the flour. The niti-ogenons matter consists of at least five principles, tlii« 
of which, gluten (or gliadin), muc-in (or raucedin), and fibrin, constitute ilit 
bulk of the material known as crude gluten, which is the substance left 
when flour is kneaded with water and afterwards washed to remove tie 
starch and any soluble suhstanoe. The remaining two nitrogenous princi- 
ples, albumen and cerealin, are soluble in water, and are carried away wilii 
the starch in the process of washing. Crude gluten possesses a peculiar ad- 
hesiveness, arising from the presence of gliadin, which is a highly tenacious 
body, and which is not present in the same form in other cereal floure. 1' 
is this adhesive property which gliadin imparts to gluten that renders 
wheaten flour so well adapted fur bread-making purposes. 

The vegetable albumen mentioned above as soluble in cold water isso 
companied also by small amounts of legtimin, or vegetable casein, whidiis 
also soluble in water. The cerealin is a soluble nitrogenized ferment occiir- 
ting especially in the husk or bran of wheat and oUier cereals. It hass 
powerful fermentative action on starch, rapidly converting it into dextrine 
and other soluble bodies. The presence of cerealin in bran renders "whole 
meal" unsuitable for making bread by fermentation with yeast, though it 
can be used with baking-powders, and " aerated bread" can be made from it. 
The cerealin acts like malt extract, causing a too rapid conversion of the 
starch into dextrine and sugar, and hence, although the bran is rich in nitro- 
genous food constituents and salts like phosphates, it is ordinarily separated 
from the flour. The difference in the composition of the several partsof 
the wheat-grain is seen in the following table given by Church :* 
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FiH£ WHrrE Flour. 


COABSB WHE\T BBAM. 




„ 

In 100 
parts. 


In 1 pound. 


In 100 
parts. 


In 1 pound. 


• 

, etc 

,etc 


13.0 

10.6 

74.3 

0.8 

0.7 

0.7 


2 ounces 35 grains. 
1 »' 297 ** 
11 '» 388 " 
'* 57 " 
" 49 " 
*• 49 ♦' 


14.0 
16.0 
44.0 

4.0 
17.0 

6.0 


2 ounces lOo grains. 
2 '* 175 " 
7 ** 17 '» 
»* 280 " 
2 " 316 " 
" 422 » 


386 

al matter 



' course, milling processes have to be specially adapted to the separa- 
' these quite different parts of the wheat-grain, the white flour free 
bran being sought. By the old-fashioned " low-milling" process, or 
tig between stones placed very close together and bolting, it was impos- 
o obtain a flour entirely free from contamination. The advance to 
-milling'' with stones far apart, allowing the middlings which were 
jed to be purified before grinding to flour, was a step which made it 
le to make from winter wheat an excellent and pure flour. When, 
er, spring wheat with its hard and brittle outer coats became important 
jrcially, it was necessary to resort to the roller methods of milling, 

in conjunction with peculiar purifying machinery, would furnish a 
free from all undesirable impurities. This latter process has now 

universally replaced the other in the newer mills, 
hile most of the other cereals before mentioned may be found occa- 
y in admixture with wheat flour, very few are usea alone as substi- 
3r it. Rye flour is probably the only one. It makes a dark-colored, 
and sourish bread, which, however, keeps moist a long time. It is 
used in Grermany and Northern Europe under the name of " black 
'' A more palatable bread may be made from a mixture of two parts 
flour and one part rye flour. This latter flour contains a slightly 
amount of fat and of mineral matter than wheat flour. It is never 
te as wheat flour and the gluten has very little adhesive chai'acter. 
usen states that the gluten of rye flour consists chiefly of mucin 
iin) and vegetable ca.sein, and that gliadin is absent entirely. 
Yeast, or Ferment. — The yeast is at present almost always added, 
as brewer's yeast or compressed yeast. In former times (and to a 
erable extent still in France) wheat bread was made by the use of 

which consists of a portion of dough leftover from a previous baking, 
d with the ferment and in part changed by its action. This leaven 
^nally gotten by allowing flour and water to start into spontaneous 
itation, the nitrogenous matters becoming soluble and attacking the 
and sugar. The leaven tends, however, to continue its decomposition 

pass from the alcoholic into the lactic fermentation. Hence, if the 

is in the proper stage of decomi)osition, it will induce the alcoholic 
itation ana generate carbon dioxide gas, raising the dough ; if it be, 
er, in a more advanced state of decomposition, lactic fermentation 
e induced and the bread will not raise, but become heavy and sour, 
mcstic practice, to avoid this latter result, salaeratus (bicarbonate of 

or soda) is added to the dough. This neutralizes the lactic acid as 

formed, and at the same time liberates carbon dioxide gas to inflate 



234 FERMENTATION INDUSTRIES. 

the dough. An excess of this salt, however, makes the bread alkaline to 
the taste and yellow in color. 

The black rye bread of Germany is also made with the aid of a leaven 
known as " sour dough.'' In this both the alcoholic and the lactic fermen- 
tations are in progress, the latter, however, preponderating. Four parts of 
such sour dough are used for one hundred parts of flour. 

The brewer's yeast for bread-raising purposes must be a fresh and vig- 
orous yeast-growth, as its value here depends largely upon the energy of 
the fermentation set up and the amount of gas given off. Its appearance 
and characters have been described before. (See p. 185.) Unless of the best 
quality, compressed yeast is to be preferred because of its reliability. The 
manufacture of this latter is carried out chiefly in connection with the spirit 
distilleries. At the time when the fermentation is most energetic, the yeast is 
skimmed ofl* the surface and conveyed by wooden shoots to steam sieves, by 
which the husks are eliminated, the strained liquid passing on to the settling 
cisterns. When settled the surface liquid is drained off and sent for distil- 
ling purposes, and the yeasty sediment mixed with starch and put into the 
filter-presses, which squeeze out all the liquid, leaving a dough-like paste, 
which, when sufficiently dry, is packed into bags and packets and is ready 
for distribution. Yeast from its peculiar slimy nature cannot be pressed 
well, hence the addition of starch, which permits the removal of more of 
the liquid from the yeast. Absolutely pure yeasts do not keep so well as 
the same yeasts with an addition of from five to ten per cent, of stardi. 
In high-class yeasts the quantity added is about five or six per cent ; it is 
often added in quantity beyond this as an adulterant. A good sample of 
compressed yeast has the following characteristics : It should be only ven' 
slightly moist, not sloppy to the touch ; the color should be a creamy white; 
when i)r()kon it should show a fine fracture ; when placed upon the tongue 
it should melt readily in the mouth ; it should have an odor of apples, not 
like that of (Jieese ; neither should it have an acid taste or odor. Any 
cheesy odor shows that the yeast is stale and that incij)ient decomposition 
has set in. 

3. Baking-powders. — To obviate the necessity of using ytnist and 
waiting until the dough should rise sufficiently under the influence of fer- 
mentation, it was early sought to supply the necessary carbon dioxide to 
the dougli by chemical reactions. The earliest proj)osaI was that of Liebig 
to use sodium bicjirbonate and hydrochloric acid, which should evolve car- 
bon dioxide and leave sodium chloride (common salt) in the dough. Next 
was pro]>osed sodium bicarbonate and tartaric acid, or acid potavssium tar- 
trate (cream of tartar). More jjcnenilly satisfactory than either of these 
was acid calcium phosphate (either alone or with acid magnesium phos- 
j)hate), which with bicarbonate of soda formed Horsford's baking-|K)wder. 
More objectionable was the introduction of alum with the sodium bicarl)on- 
atc. Most of these baking-powder mixtures, then, have starch or flour 
added as '' filling," and in amount varying from twenty to sixty per cent 
8cs(|uicarbonatc of ammonia is also used in many of the mixtures, re- 
placing part of the biciirl)onate of soda. Self-raising flours have these 
baking-powdei*s already added to the flour in such proportions as will 
insure a spongy dough upon the simple addition of water and kneading 
into loaves. 
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IL Processes of Manufacture. 

1. The Mixing of the Dough and its Fermentation. — ^The 
mixing of the flour with water is not only for the purpose of bringing into 
3olution the dextrine, the sugar, and the soluble albuminoids, and of allowing 
these latter as peptones to act upon the insoluble constituents of the flour, 
Buch as the gluten, but also to penetrate and soften the starchy material. 

The yeast may be added directly along with the water to some of the 
flour to prepare a " sponge," from which the whole batch of dough is after- 
wirds made, or a " ferment" may be made from the yeast with potatoes, 
which then is used to prepare the " sponge." In the latter case, potatoes 
are boiled and mashed with water into a moderately tliin liquor, to which 
the yeast is added, and the fermentation is allowed to proceed for some time. 
In either case, whether the yeast is used direct or a potato ferment is first 
made, it is worked up with a portion of the flour into a slack dough, which 
constitutes the sponge, and is set to rise in a warm place. When the sponge 
has risen sufficiently the remainder of the flour is worked in with sufficient 
water to which some salt has been added, and the dough is made, kneaded, 
allowed to stand again to rise, and then prepared for Imking. 

The use of potato ferment is based upon the belief that the yeast-cells 
are strengthened by the soluble nitrogenous matter of the potato, which acts 
as a yeast stimulant and enables a smaller quantity of yeast to hydrolyze a 
larger amount of starch. The yeast-cells then act very rapidly upon the 
glucose so produced and develop the alcoholic fermentation. The albumi- 
noids of the flour are also softened and partially peptonized, and these changed 
albuminoids in turn assist in the hydrolysis of the starch. 

2. Baking. — For baking, the oven should have a temperature of 400° 
JO 450° F. (200° to 230° C). Before putting the loaves in, they are often 
retted on the surface so as to assist in the prompt formation of a crust that 
hall prevent the dough from expanding too rapidly. The heat expands the 
ases throughout the loaf and so swells it and vaporizes a portion of the 
loisture. The action of the heat and steam soon converts the starch on the 
ir&ce of the loaf into dextrine and maltose, and these at the high tempera- 
ire are slightly caramelized, thus giving the crust its brownish color. At 
le temperature of the interior of the loaf (212° F. or slightly above) the 
arch-cells will have burst, the coagulable albuminoids will have been coagu- 
ted, and their diastatic power entirely destroyed. 

Steam is often injectea into the oven during the baking. The effect is 
• produce a glazed surface on the outside of the crust. It not only dex- 
inizes and glazes the crust, but keeps the interior of the loaf moist by pre- 
mting too rapid evaporation. Of course, in perfectly tight ovens the steam 
suiting from the evaporation of the moisture of the bread is kept in, and 
K)n acts in the same manner though in a lesser degree. 

One hundred kilogrammes of flour will yield, according to its quality, 
om one hundred and twenty-five to one hundred and thirty-five kilos, of 
read. 

3. Use op Chemicals Foreign to the Bread. — Both alum and 
ilphate of copper (and notably the former) have been used in baking bread 
om inferior or unsound flours in order to improve the appearance of the 
lead. This they do by preventing or lessening the breaking up of the 
uten and starch during fermentation, and so cause a loaf made from a bad 
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flour to be larger, less sodden, and whiter, giving it the appearance of having 
been made from better flour. As these cnemicals are injurious to health, 
and as their sole purpose is to allow of deception as to the character of the 
flour used in bread-baking, they ought to be prohibited by law. 

Liebig suggested the use of lime-water as a means of retarding too rapid 
decomposition of the starch during the fermentation of bread-making. The 
bread made with the proper amount of lime-water is said by Jago* to be 
more spongy in texture, pleasant in taste, and quite f5pee from sourness. In 
the br^id the lime exists as calcium carbonate, but in such quantities as to 
be perfectly harmless. The use of lime-water in bread-making is said to be 
practised extensively by Glasgow bakers. 

m. Products. 

1. Bread. — ^The nature of the change which the flour undergoes in the 
bread-baking process has already been indicated in part. The composition 
of the finished bread can now be noted. A loaf of wheaten bread consists of 
two parts, the crumb and the crusty which differ somewhat in both physical 
and chemical character. The crumb is white in color, more or less vesicular 
in structure, soft when fresh, and of agreeable taste and sweet odor ; the 
crust is harder, more easily broken, of a chestnutnbro\m color, and nearly 
destitute of all porous character, is sweeter in taste, because of the greater 
change of the starch into dextrin and maltose. The chemical differences 
between the crumb and crust of wheat bread are shown in several of the 
analyses given by Von Bibra.f 



"Wheaten breftd, Niirnberg, crumb 
Wheaten bread, Niirnberg, crust . 
Rye bread, Nuruborg, crumb . . 
Rve brciid, Niirnberg, crust . . . 
Wheaten bread from Madrid . . 
Wheaten bread from years 1816 

and 1817 ' 

Pumpernickel from Westphalia 

(contained some bran) . . . . 
Wheaten Zweiback, Ilaniburg . . 

Rve Zweiback, Hremen 

Harley bread from Lower Bavaria 
Oaten bread from Havaria (per- 

fec'tly free from adulteration) . 
Fine rve bread fn)m Dalecaria 

(containing bran) 



Calculated roR Anhydrous Bread. 



Nitre- 

genous 

material. 



11.296 
10.967 
17.096 
14.838 
8.064 

8.541 

7.354 
11.296 
13.296 

6.387 

9.741 
10.903 



Dextrin 

and 
soluble 
starch. 



14.975 
16.092 
15.413 
18.275 
4.763 

10.192 

14.531 
4.363 

12.209 
5.497 

4.653 

28.269 



Sugar. 


Fat. 


4.175 


1.683 


4.149 


0.715 


2 613 


1.064 


4.835 


0.564 


1.470 


1.173 



Starch. 



67.871 
68.077 
63.814 
60.842 
84 530 



Water 

origi- 
nally 
con- 
tained 
in the 
bread. 



40.600 
13.000 
46.440 
12.449 
15.000 



2 184 


• • • 


79.083 ; 


11.666 


4.953 
2.145 
7.035 
4.420 


4.233 
0.824 
1.360 
0.566 


68.929 
81.372 
66.100 
83.130 


9.160 
11.420 
14.000 1 

11.780 ' 

1 


2.846 


10.948 


71.812 


8.660 


6.345 


0.807 


53.676 


18.833 



The differences betwet^n wheat bread made bv the usual fermentation 

f)rocess and wheat bread aerated bv carbon dioxide under pressure (Daug- 
ish syjstem) are shown also in the following analyses by Dr. Bell : J 

* Chemistry of Wheat, Flour, and Bread, etc., 1886, p. 826. 
f Stohmann and Kerl, Angewand. Chem., 4th ed., p. 215. 
% Analyses and Adulteration of Foods, p. 131. 
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KIDUCBD TO DBY STATB. 


Abbated Bread. 


HoMK-MADB Bread. 


Tin loaf. 


Cob loaf (Paris 
bread). 


Tin loaf. 


Cob loaf (Paris 
bread). 


Crumb. 


Crust. 


Crumb. 


Cmst 


Crumb. 


Crust 


1 
Crumb. ^ Crust. 

1 


Stiich, dextrine, cellulose, etc 
Mtluwe 


78.98 
640 

10.30 

1.96 
0.18 
2.28 


78.96 
5.61 

11.28 

1.75 
0.16 
2.24 


82.75 
4.66 

8.58 

1.80 
Old 
2.08 


82.82 
3.94 

9.09 

1.85 
0.17 
2.18 


78.12 
6.87 

11.65 

1.74 
0.22 
1.40 


77.62 
668 

11.17 

2.00 
1.22 
1.31 


82.05 
4.85 

10.59 

1.28 
0.15 
1.08 


83.42 
4.11 

8.68 

2.37 
0.39 
1.03 


Nitro^nous matter, insolu- 
ble m alcohol 

Nitro^nous matter, soluble in 
alcohol 


F«t 

Inorganic matter or ash . . . 


Percentage of moisture in 
bread when new 


44.09 


19.19 


41.52 


16.48 


42.02 


22.92 


41.98 


20.02 



2. Crackers and Hard Biscuit are made from a dough composed 
of flour and water, with the addition in special cases of a great variety of 
sweetening and flavoring ingredients, such as milk, eggs, sugar, butter or 
lard, spices, and flavoring essences. The dough prepared in large masses is 
passed between rollers, and from the sheet of dougn so obtained by other 
machines are cut out the various forms desired. Sheets or trays of these 
dough-forms pass by automatic machinery into and through long ovens at 
a related rate of speed, which can be so controlled as to give them exactly 
the requisite exposure to the heat needed for baking. 



IV. Analytical Tests and Methods. 

1. For the Flour. — ^The moUture is determined by drying five 
grammes of the flour in a water-oven until constant weight is obtained. 

The starch is estimated from the amount of glucose which is produced, 
from it by the action of dilute acid. Two grammes of the flour are boiled 
in a flask with inverted condenser for several hours with some twenty cubic 
centimetres of sulphuric acid suitably diluted. When the conversion of the 
starch is completed the solution is neutralized with soda, made up to definite 
volume with water, and the glucose determined witli Fehling's solution 
either gravimetrically or volumetrically, as described under glucose. (See 
p. 159.) After deduction of the sugar found in a previous test to be con- 
tained in the sample, the difierence is the amount produced from the starch, 
together with a small quantity from the dextrine and traces of fibre. One 
hundred parts of glucose correspond to ninety of the starch. 

To determine the cellulose^ a weighed quantity of tlie flour is boiled with 
rather dilute sulphuric acid for ten minutes to dissolve the starch. A large 
quantity of water is then added, and the undissolved part allowed to settle. 
The residue is thrown upon a filter, well washed with boiling w^ater, and 
then digested with dilute potash solution to dissolve the albuminous matter. 
It is then washed upon a tared filter, dried, and weighed. It is now 
incinerated and the ash determined. This subtracted from the weight of 
material on the tared filter gives the cellulose or fibre. 

To determine the sugar, ten grammes of the flour or powdered grain are 
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rejjeatedly digested in aleoiinl of se\'eiity per cent, and the filtrate tnadL' up 
to a bulk of three hundred cultic centimetres. This solution is first testeo 
directly for gliiLfise, but generally with n«^tive results. A known portion 
of tlio filtrate is then boiled for four minutes with five cubic eentinietres of 
normal sulphuric acid, ueutraliiied witli soda and tested witli Feliling's solu- 
tion, and the sugar present reckoned as tsine is calculated from the remit 

The total nitrogenous compounds, and the portions soluble or in^ilublp 
in alcohol, arc generally determined. Sometimes tlie portions of the nitro- 
genous compounds soluble or insoluble in water are detcrminc<l instoid. 
In the latter case Wanklyn's ammonia process (see j). 199) is the meet con- 
venient. Generally, however, the distinction made is into those albomi- 
noids soluble aud those insoluble in alcohol. For this defemiinatioa I^ 
grammes of the flour arc completely exhausted with eighty per «-nt. alfolioi 
at a temjieratiire of 140° F. (60° C.) and an aliquot ]jortion of the total 
filtrate eva|K)rated to dryness and weighed. A known quantity of this 
residue is then analyzed for nitrogen by the Dumas process with ewppsr 
oxide, and the uitrogen so obtaiued multiplied by 6.3 gives the albuminoiik 
The flour lefl aflcr treatment with alcohol is dried, and a weighed jwrtiun 
analyzed for nitrogen and similarly calculated for albuminoids (albumen 
aud fibrin). For another pnxyss ibr these albuminoid determinations l)T 
Graham, see Allen, " Commercial Organic Analysis," 2d ed., vol. i, p. 366. 
The gluten is best determined as recommended by Wanklj-n and Cooper,' 
Ten grammes of the flour are mixed on a porcelain plate with four cubic 
centimetres of water so as to form a compact dough. This is placed in i 
conical test-gla.ss or mensun-, fifty cubic centimetres of water added, and the 
dough manipulated with a spatula so as to free it from stanh. The 
water is decanted off, a fresh quan- 
tity added, and the kneading con- 
tinued until the water remains col- 
orless. The gluten mass is then 
removed, kneaded in a little ether, 
and spread out in a thiu layer on 
a platinum dish, where it is drictl 
by the aid of a water-ovcu until 
the weight is constant. The crude 
gluten contains ash equal to about im 
.3 per cent, on the flour and fat 
equivalent to 1,00 of the flour. 
An examination of the cnide 
in as to its power of distending 
r the iufluenoe of heat is often 

ide as a means of judging of the 

' e of a flour for bread-making, 
is done bv the aid of the 

•urometer of Boland, shown in 
Some thirty grammi* of 
the flour are kneaded as just de- 

ecribed, and seven grammes of tiie freshly-separated crude gluten obtained ie 
|>lacGd in the inner vessel as shown at a h. In the mean time, while the 
is being prepared, tlie tube D is heated by means of an oil-bath until 
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le thermometer T, which is at first sunk in the tube Z), roisters 150° C» 
he thermometer is then withdrawn and the aleuroraeter E, containing the 
luten, put in its place. The spirit-lamp under the oil-bath is allowed to 
um for ten minutes longer and then extinguished. The piston G is grad- 
ated so that when pushed down it roisters 25°. When the gluten swells 
nd fills the space from a 6 to c d it touches the bottom of the piston and is 
1 25°. If it continues to swell the reading may be 30° or 35°, as shown on 
he scale when the piston is pushed up. If the gluten does not indicate at 
east 25° on the aleurometer it may be considered unfit for bread-making. 
I similar instrument, termed an cUeuroscope, has been invented by Sellnick. 

To determine ihefat of the flour, four grammes are dried and repeatedly 
ligested with ether until exhausted. The filtrates are evaporated in a tared 
vessel and weighed. 

To determine the ashy ten grammes of the flour are incinerated in a 
)latinum capsule to a white ash, which is then weighed. 

Among the adulterations of flour, besides the admixture of other 
tarchy material of lesser value, which must be looked for with the micro- 
cope (see starches, p. 168^, the most frequently occurring is alum. For the 
letection of this, one of tlie best known tests is based upon the property of 
ilumina of forming a violet- or lavender-colored lake with the coloring 
natter of Ic^wood. Ten grammes of the flour should be mixed in a wide 
)eaker with ten cubic centimetres of water, one cubic centimetre of the 
ogwood tincture (five grammes of logwood-chips digested with one hundred 
ubic centimetres of strong alcohol) and an equal measure of a saturated 
qaeous solution of ammonium carbonate are then added, and the whole 
aixed together thoroughly. If the flour is pure, a pinkish color, gradually 
iding to a dirty brown, is obtained ; whereas if alum be present, the pink 
> changed to a lavender or actual blue. As a precaution, it is desirable to 
?t the mixture aside for a few hours or to warm the paste in the water- 
ven for an hour or two and note whether the blue color remains. 

Or to separate any alum from the flour before applying the tost, the flour 
shaken up with chloroform in a stoppered glass cylinder provided with a 
opcock below. After shaking the flour rises to the surface, while any for- 
^n mineral matter settles at the bottom, and may be run ofl* with a little 
* the liquid. The mineral matter is warmed and the chloroform gotten rid 
' by the aid of a current of air. It can then be examined. Any alum in 
will of course be soluble in water, and can be shown by the usual tests. 
Methods for the quantitative determination of alum found as an adulterant 
flour have been proposed by Dupr6 and Bell and by Wanklyn, for an 
count of which the reader is referred to Bell's work on the " Analyses and 
dulteration of Foods." 

2. For Bread. — The methods just described under flour are almost all 
lually applicable to the baked bread. To test brc^ad for adulteration from 
am a slightly different procedure is to be followed. To about a ^vine- 
aasfbl 01 water in a porcelain capsule five cubic centimetres of frcshly- 
"epared tincture of logwood and the same quantity of the carbonate of 
omonia solution are aaded. A piece of the crumb of the bread, say alx)ut 
n granmies, is then soaked therein for about five minutes, after which the 
|uid is poured away and the bread is dried at a gentle heat. If alum be 
lesent the bread will acquire a lavender color or more or less approaching 
irk blue, according to the quantity of the alum which has bei»n added ; 
bereas if the color be a dirty brown, the bread may be r^arded as pure. 
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F. THE MANUFACTURE OF VINEGAR, 

Under the general heading of fermentation mention was made of the 
acetic fermentation, which frequently follows the alcoholic fermentation. It 
is produced, it is true, by other species of ferments, but largely upon mate- 
rials susceptible to the alcoholic fermentation or already changed by it into 
alcohol-containing products. The close association in nature of these two 
changes is readily understood when the chemical relationship of alcohol and 
acetic acid is looked at The latter is the simple oxidation product of the 
former, and the processes for developing the alcoholic change in any sugary 
liquid, such as a beer-wort or a grape-must, have to be controlled carefully 
that they do not allow of this supplementary change whereby the alcohol 
goes over into acetic acid. The conditions under which the acetic fermenta- 
tion sets in may be summarized as follows : 

1. A liquid weak in alcohol, containing not more than twelve per cent 
by weight of this compound. 

2. Abundant access of air. 

3. A temi>crature of from 20° to 35° C. (68° to 95° F.). 

4. Acetic ferments {Myeodermn aceti, etc.), together with the food neoee- 
sarj' for these organisms. Under this heading of acetic ferments Nageli 
distinguishes, besides the Mycoderma aceti, the Mycodei'ma cerevUice and 
Mycoderma inniy although the latter of these is said by De Seynes to arrest 
the groAvth of the acetic ferment proper. Hansen also mentions a second 
ferment as found at times in lx?er along with the Myeoda-nia, or, as it is 
often ternuxl now. Bacterium aceti, to which he gives the name Backrim 
Pa^teurianum, 

The acetic ferment, as Ix^fore stated (sec p. 184), develops not by the 
buddinor pnx'ess characteristic of the yeast ferment, but by splitting or fissure 
of the elongated wll. When these germs, which originally dmp from the 
air, like the yeast-cells, into the fermenting or sugary liquids, find a liquid 
sjXH^ially suiteil for their growth, as, for example, a mixture of wine and 
vinegar, they develop rapidly over the surface of the liquid, where they have 
the necessary oxygen supply, and form a gelatinous skin, which thickens 
and falls to the bottom of the vessel because of its increasing weight. An- 
other skin forms at once again, and this in turn is replacc^d by a third, 
and so on until the liijuid is completely exhausted of assimilable material. 
This skin, called the ** mother of vinegar,'' consists of a multitude of these 
minute fissure ferments. 

I. Raw Materials. 

Only such mat<Tials will he considered here as give rise to a vin^r by 
tlie normal atx^tic fermentation. The manufacture of acetic acid and tech- 
nieallv important acetates will Ix^ sj>oken of later under pyroligneoiis acid 
as derivtxl from the destructive distillation of wood. 

The materials refernnl to as furnishing vinegar under the influence of 

the acetic fermentation an\ first, wine; scvond, spirits; third, malt-wort or 

beer ; fourth, ferinenteil fruit jui(vs other than wine ; and, fifth, sugar-beets. 

The winea useil are In^h \\h\ and white wint»s, and are such as are of in- 

nor vintages, and considrnnl unlit for drinking as wine. Such wines are 

w t<^ther from all stations and are made into vine^r lai^ly in 

Orleans and at Paris. The wines do not exceed ten per cent 
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iloohoUc strength. Wines about a year old are the best for vmegar-making, 
Bs the new wines are prone to undergo putrid or ropy fermentation, and 
older wines do not contain sufficient extractive matter. 

The spirits used are chiefly the potato brandy of (Jermany and whiskey 
m this countT}', the vinegar in either case being made by the " quick vin- 
egar" process. These spirits, when used for vinegar-making, are so diluted 
with water and vin^ar already formed that the alcoholic strength ranges 
between three and ten per cent. 

The maU'tcori used for vinegar-making is exactly like that prepared for 
grain spirit manufacture, unmalted grain and malt being used admixed, and 
the alcoholic fermentation being pushed so as to proauce the maximum 
amoont of alcohol from the converted starch of the grain. When the alco- 
holic fermentation is completed it is allowed to stand for some days in the 
fining-vats, where all dead yeast and cloudiness subside, and it is then made 
to pass through a filter-bed of wood-chips into the acetifier. The unmalted 

Em used in the preparation of the wort must be thoroughly dried in a 
D previous to crushing in order that many of the glutinous and albumi- 
noid matters may be destroyed. These would otherwise interfere with the 
keeping qualities of the vinegar. Sour ale or beer is said not to yield good 
vin^ar, but a product very liable to undergo putrid fermentation, a very 
disagreeable smell being imparted to the vinegar in consequence. 

Older from apples and Perry from pears are about the only fruit juices 
besides wine fermented for the production of vin^ar. Cider from good, 
sweet, and ripe apples serves for the manufacture of cider vinegar in this 
country. The cid!er is the product of a spontaneous alcoholic fermentation 
of the apple juice, and the vin^ar formation is merely a continuation of 
this spontaneous change. Perry vinegar is made to some extent in Eng- 
land, and a vin^ar from crab-apples in Wales. 

Sugar-beets are used somewhat in France for vinegar-making. The 
beets are rasped to a fine pulp and pressed. The juice is diluted with water 
and boiled. After cooling, yeast is added and the alcoholic fermentation 
developed, and this product mixed with vinegar and treated as the other 
alcoholic liquids before mentioned for the development of the acetic fermen- 
tation. 

Artificial glucose, cane-sugar, and molasses have also been used in Eng- 
land for the production of vinegars which are used to adulterate malt 
vinegar. 

n. Processes of Manufacture. 

1. The Orleans Process. — ^This is the process by which wine vinegar 
18 made in France and Grermany, and is the oldest in practical use of the 
several methods now employed. The wine which is to be acetified is allowed 
to stand for a time over wine-lees, and then clarified by being passed through 
vats containing beech-shavings. The oaken acetifying vessels, holding from 
fifty to one hundred gallons, and known as " mother-casks,^^ are first steamed 
<Hit and then soured with boiling vin^ar, which is made to fill one-third 
rfthe cask. The wine is now added in instalments of ten litres every eight 
iys until the cask has become more than half-full, when one-third of its 
contents are siphoned off into storage-vats and the periodical addition of 
wine continued as before. The " mother-casks," or acetifiers, can be used 
ii this way continuously for years until the sediment of yeast, argols, and 
impurities makes it necessary to give them a thorough cleaning. The vin- 

16 
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egar obtained in this way has a very agreeable aroma, that made from white 
wines being most esteemed. When the wines employed in the Orleans 
proi*s8 are too weak it oft*^n hap])ena tliat the vinegar is ropy and wantinjr 
m transparency. In such case it must undergo the firing proeess. Tue 
prc^rcHS of the acetitication is judged of bv plunging in a rod and examin- 
ing the troth upon it when withdrawn. This should be white and eopiona. 
The temperature that is found to answer best is between 24° and 26.6° C. 
(75° and 80° F.) 

Hengstenbei^ has proposed a mixlifitation of the Orleans prowfs, 
whereby a series of the " mother-casks" are connected together at tne ba* 
by sliort pieces of glass tubing. After the acetification of the first addition 
of wine in each cask the new wine is added only tt> the first cask, into whirfi 
it runs slowly, while from the last cask of the series, by means of a siphon- 
tube fixed in the side, the exeess flows off as finished vinegar. The incrtase 
of yield by this modification is, however, only slight. 

2. The Quick-vineqah Process. — This process was firet introdawd 
by Sehutzenbach in 1823, and has been considerably improved sine*. It 
is used exclusively in the ease of spirit vinegar in Germany and in tha 
country, and, with slight modifications, in England for malt vinegar, He 
vinegar-fonners are upright casks from six to twelve feet in height scA 
three to five feet in diam- 
eter. About a foot above ^""' '- 
the true bottom of the ^.-—^'^'^Z'' ~ .T-mr--^^ 
cask it has a false bottom 
perforated like a sieve. 
Upon til is beech- wofjd 
shavings are heaped, ex- 
tending nearly to the top 
of the cask. Between 
the true and false bot- 
toms and just under the 
latter a series of holts is 
bored in the cask in a 
direction slanting down- 
ward and extending 
around the entire cask. 
The beech -shavings are 
first boiled in water and 
dried. They are then 
soured or soaked in warm 
vinegar for tweuty-tour 
hours, filled into pWf 
and covered by a wooden 
disk perforated by fine 
holes in which paek- 
thread is looselv filled. 
This disk also is pCTfo- 
rated by four larger glass 
tubes open at botli ends, which serve as air-vonts. The cask is then closed 
on top by a wooden cover with a single hole in the cejitre, through which the 
alcoholic liquid is to be iwured and from which air may escape- The eotir* 
lent may be understood from Fig, 72. During the oxidation ofth^ 
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[aid considerable heat is developed, and a current of air is thtu 
er througb the circle of holes under the false bottom and rise 
wet shavings, escaping through the opening at the top. The 
ts or mixture to be acetified are poured into the top of each vat, 
flow otf, by the aid of a siphon airaDgemeot from the base they 
xd into the top of the second vat. If not over four per cent, 
rere contained in the original liquid, that drawn off Irom the 
ivill be converted into good vinegar. The temperature of the 
ning casks should be about 35° C. (95° F.). Above this there 
I loss of alcoliol and aldehyde by evaporation ; below it, the 
963 too slowly. If the minute organisms known as " vinegar 
:hem3elves, hot vin^ar is poured in on top until it shows a 
of 50" C. (122° F.) on running off, which kills them. 
.•, brandy, and grain spirit properly diluted are all acetified by 
this quick-vinegar process. To uicse diluted spirits a smalt 
Halt infusion is generally added to furnish nutritive matter for 
neut of the acetic ferment, which in this process as in the pre- 
B agency whereby the atmospheric oxidation becomes effective in 
L-ohol into acetic acid. 

UFAcruRE OP Malt Vineoab. — This is effected by a process 
ibling the quick-vinegar process. The acetifiers are, however, 
r, holding from eight thousand to ten thousand gallons. Their 
1 is shown in Fig. 73. Bundles of birch-twigs, B, are sup- 
port<)d upon a perforated bottom, 
P™- ^3. from which the liquid trickles in fine 

streams. The malt-wort fed in be- 
low is warmed by a closed steara- 
coil of block-tin, and pumped to the 
top of the casks, where it is spai^red, 
or sprinkled, in fine streams over 
the bireh-twigs, and the process re- 
peated until the vin^ar shows the 
requisite strength. These birch- 
twigs have been previously freed 
from all juice and coloring matter 
by repeated boiling with water, and 
are soured before starting the spar- 
ging. The entire process of making 
malt vinegar requires about two 
■he temperature at the beginning of the process is about 43° C. 
md later is kept at 38° C. (100° F.). 
Manufacture op Cider Vinegar. — As before stated, this 

Xntaneous fermentation. The fresh cider is allowed to fer- 
having the bnng-hole open, winch are exposed to the sun 
1 a warm cellar. The acetification is often made a progressive 
idding fresh quantities of cider to the barrel every lew weeks; 
of " mother of vinegar" also is made to accelerate the change. 
■bub's Process por Visegar-makiso by Direct Use op 
jar Fungus. — Pasteur takes an aqueous liquid containing two 
alcohol and one per cent, of vinegar and small amounts of phos- 
3tassium, magnesium, and lime, and in this projwi^tes the acetic 
ycoderma aceU). The plant soon spreads out and covers the 




r 



244 FERMENTATION INDUSTRIES. 

whole surface of the liquid, at the same time acetilying the alouhul. When 
oDt.--half of the alt^hol iim been changed Hiuall quantities uf wine or aleuhol 
mixed with beer are added da.iiy until the acetitieatiuo Hlat:kens, when the 
vin^^r is drawn ofi' and tlie " motlier of vinegar" ooileeted, washed, and 
used agaiu with a freshly-prepared mixture. When wine or beer are used, 
the addition of the phosphate salts as food for the phmt is unueceesary, but 
when pure akx>hol is used they are needed. Vinegar prepared by this 

I process is said to possess the agreeable aroma uf wine vinegar. ^^J 

m. Products. ^^1 

WineVijmar varies in color from light yellowish to red, aocordinc; Sa 



WineViTt^ar varies in color from light yellowish to red, according 
has been derived from white or red wines, that from the former being the 
most highly esteemed. The vinegar from red wines, however, can l>e decol- 
orized by filtration through purilied bone-btack, Skimmed milk is also used 
for the same purpose. When thoroughly agitated witli the vinc^;ar the 
casein coagulates and carries down with it the greater part of the coloriag 
matter of the vinegar, besides clarifying it. It is not used, however, su 
much as the tiltration througli charcoal. Wine vine^r has a specific gravity 
1.014 to 1.022, and contains from six to nine per cent, (rarely twelve) cj^ 
alisolute acetic acid. W'hen freshly made, it contains traces of alcohol and 
aldehyde. The amount of acid potassium tartrate (tartar) contained in wine 
vint^r averages .25 per cent. Its presence is peculiar to this variety of 
vin^iar. 

Matt and Beer Mnrgara have a higher specific gravity (1.021 to 1.0i5), 
and contain dissolved dextrin, maltose, soluble albiuninoids, and similar vun- 
stituents of the malt extract. This kind of vinegar on evaporation leavcsa 
glutinous residue only sparingly soluble in alcohol. It contains from tlim 
to six per cent, of acetic acid. 

Spirii }'inegar is colorless as ]iroduced, but is frequently colored villi 
caramelHX>lor to imitate the appearance of wine or cider vinegar. It cmi- 
tains from three to eight per cent, of acetic acid, altliough the so-callfd 
" vinegar essence" (double vinegar) may contain as much as fourteen [ler wnt 

Q'rfei- Vttifgar is yellowish-brown, has an odor of apples, a densitj' of 
1.013 to 1.015, and contains from tlu-ee and a half to six per cent, of arttic 
acid. It is distinguished from the otlier varieties by yielding on eN'uporatinn 
a mucilaginous ejttrart smelling and tasting of baked apples and containing 
malic acid, which replaces the tartaric acid of the wine vinegar. The dilTer- 
ences between cider vint^ar and whiskey vinegar as manufactured iu lliis 
oountr}' are shown in the accompanying analyses by Battei^hall :* 

Cider vlneg&r. WblEkeT vlnegM- 

Speciflc gravity 1.0168 1.0107 

Speeiflc gravity of the diitillatfi 

from neutralized sample .... 0.9985 0-99T3 

Acetic acid 4M 7.36 

Total solids 2.70 O.IS 

Total aab 0.20 0,088 

Pota-iianndphoapboricacidinasta . ConKiderablo. None. 

Heated with Feliling'a solution ■ - Copious reduction. No redueUon. 

Trealt-d with basic lead acetate . . Plocculeut precipilAte. No precipiulc- 

H G/ucose, or Sugar, Vinegar, prepared from different saccharine wA 

^k amylaceous materials by conversion with dilute a(;id, followed by rermenti- 



I 
I 



I 



• Food Adulteration and Detention, New York, 188T, p. 21 
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lion and aoetification, contains dextrose, dextrin, and often calcium sulphate 
(from commercial glucose). It is said to be employed in France and Eng- 
land for adulterating wine or malt vinegars. 

Factitious Vinegars are often made from pyroligneous acid flavored with 
acetic ether and colored with caramel-color. Such a product diifers from 
malt vin^ar in containing no phosphates, and from wine or cider vin^ar 
in the absence of tartaric or malic acids respectively. 

IV. Analytical Tests and Methods. 

The determination of the acetic acid is usually done by titration with 
standard alkali, using phenolphthalein as indicator. In the presence of 
free sulphuric acid, it is necessary to distil a measured quantity of the sam- 
ple almost to dryness and titrate the distillate, it being assumed that eighty 
per cent, of the total acetic acid present passes over. 

The determination of the extract or solid residue in vinegar is executed 
m the same manner as described under beer or wine. 

The test for sulphuric acid is an important one. In England, the manu- 
facturers were allowed by law to add one part of sulphuric acid by volume 
to one thousand of vin^r in order to protect weak vinegar from the putrid 
fermentation. This addition is not necessary in good vinegar and is not 
seoerally followed at present. Still, it may be present, and is to be looked 
lor in all vin^ars. The usual test with basic chloride is inoperative here, 
as sulphates may be present in the vinegar from the water usea, etc. Heh- 
ner's test for free mineral acids (sulphuric and hydrochloric), now regarded 
as aatis&ctory in this case, is based on the fact that acetates and most other 
salts of organic acids are decomposed by ignition into carbonates, having 
an alkaline reaction to litmus, while sulphates and chlorides of the light 
metals are unchanged on ignition and possess a neutral reaction. To de- 
termine the amount of free mineral acid it is sufficient therefore to care- 
fully neutralize the vin^ar with standard solution of soda before evapora- 
tion to dryness (the same process serving for a determination of the total 
fiee acid), ignite the residue, and titrate the aqueous solution of the ash with 
standard acid. If the free acid originally present were wholly organic, the 
ash Mrill contain an equivalent amount of alkaline carbonate, which will re- 
Quire an amount of standard acid for its neutralization exactly equivalent to 
toe amount of standard alkali originally added to the vinegar. Any defi- 
cieocy in the amount of standard acid required for neutralization is due to 
^free mineral ojcid originally present in the vinegar. 

The tartaric acid, a normal constituent of wine vinc^r, may he tested 
for by evaporating to dryness and treating the extract with alcohol, which 
dissolves nearly everything but the tartar or acid potassium tartrate. On 
pouring off the alcohol and dissolving this in a little hot water its nature 
can be easily shown by the usual tests for tartaric acid. 

Caramel is recognized by extracting the solid residue with alcohol and 
evaporating the solution to dryness ; in its presence the residue now obtained 
will possess a decidedly dark color and a bitter taste. 

Metallic impuritieSy such as lead, copper, and zinc, are at times to be 
foond arising from the use of metallic vessels for storing the vinegar. 
Arsenic has also been found as an impurity through the use of impure sul- 
phuric or hydrochloric acid. They are all detected by the usual qualitative 
tests. 
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STATISTICS. 

I. PRODUCTION OF HOPS THROUGHOUT THE WORLD. 

The hop crop of the world for the years 1892 and 1893 is thus givi 
by Barth & Sons, of Nuremberg (U. S. Consular Report, Nov., 1893) : 

1892. 1893. 

Germany 49,029,200 pounds. 24,800,000 pounds. 

France 4,700,000 *' 2,400,000 " 

Bohemia 9,00<),000 *' 11,500,000 *» 

Remainder of Austria 3,000,000 *' 8,000,000 " 

Belgium and Holland 7,400.000 '« 8,000,000 " 

Russia 4,500,000 '» 6,500,000 " 

Great Britain 41,000,000 '' 85,000,000 " 

America 30,500.0()0 " 88,500,000 ** 

Australia 1,000,000 '» 1,500,000 *' 

ir)«,729,200 " 181,200,000 ** 

The United States imports a limited quantity of hops, but exi)orts 
much larger amount. The figures for recent years were : 

1896. 1897. 1898. 1899. 

Inmort;?, in pounds . . . 2,772,045 3,017,821 2,375,922 1,319,319 

Valued at $000,419 $«29,-987 |C48,155 $591,755 

Exports in poundfi . . .10,705,254 11,420.241 17,161,^69 21,145,512 

Valued at $1,478,919 §1,304.183 |2,642,779 $8,626,144 
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II. a. DKYKLOPMKNT OF THK BKER PRODUCTION IN TUK UNITED HTATKM. 

AcoordiDg to the reports of the Commissioner of Interual Revenue, 
ere were brewed in the United States the following amounts of malt 

[taora 

1897. 1896. 1889. 

Barrels (31 gals.). Barrels (31 gals.). Barrels (31 gals.). 

New York 9,493,620 10,093,450 9,680,308 

Pennsylvania .... 3,902,801 4,245,972 4,299,116 

Illinois 3,244,896 3,601,163 3,550,560 

Wisconsin 2,673,948 2,886,502 2,846,233 

Ohio 2,631,669 2,886,830 2,786,4f30 

Missouri 2,254,926 2,435,700 2,276,088 

New Jersey 2,001,496 2,110,310 2,050,593 

Massachusetts .... 1,670,656 1,805,508 1,763,980 

Other States 6,589,470 7,463,904 7,444,287 

34,462,882 37,529,339 36,697,634 



II. b. CONSUMPTION OF MALT LIQUORS IN Til K UNITED STATES. 

The consumption of malt liquors in the United States is thiis estimated 
tie Bureau of Statistics of the Treasury Department : 



Domestic, in gallons 

Imported, 

Total, 

Per oapita, 



(t 






1897. 
1,066,307,704 
3,002,558 
1,069,810,262 

14.69 



1898. 
1,161,769,114 

2,457,348 
1,164,226,462 

15.64 



1899. 
1,182,723,202 

2,797,427 
1,185,520,629 

14.94 



- C. BKER 1»R0DUCT10N AND CONSUMPTION OF TUK WORLD FOR 1807 AND 1898. 



Production in hectolitres. 

Germany 61,300,000 

United States (with South American 

countries) 55,400,000 

Great Britain 55,000,000 

Aa^tria-Hungary 20,610,000 

Belgium . 12,410,000 

France 8,870,000 

Russia 4,580,000 

Denmark 1,980,000 

Swit7.erland 1,580,000 

Holland 1,485,000 

Sweden- 1,450,000 

Norway 540,(X)0 

Other countries 1,195,000 



Consumption per capita. 
115.8 litres. 



(Bavaria 235.8 

47.0 

145.0 

44.0 

169.2 

22.4 

4.7 

85.0 

55.0 

4O0 

11.0 

15.3 



) 



(ZeiUch. fiir Angew. Chem., 1899, p. 868.) 



III. a. CONSUMPTION OF WINK IN THK UNITKD STATKS. 

The consumption of wine in the United States, ac^cordiiig to the Bureau 
o{ Statistics of the Treasury Department, has been : 



1897. 

Domesti<', in gallons 33,940,319 

Imported, '♦ *» 4,647,988 

Total, *» " 88,588,307 

Percapita, " »• 0.53 



IhUH. 

17,463,684 
3,113,633 
20,567,317 
0.28 



1899. 
22,135,587 
3,525,109 
26,360,696 
0.85 
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III. h. WINK PRODUCTION OF THE WORLD KOR 1897 AND 1898. 

1897. 189iB. 

Franco 32,850.700 hectolitreB 82,282,800 hectolitw 

Algeria and Tunis . . . 4,457,758 " 5,841,000 " 

Italy 25,958,500 " 81,500,000 

Spam 18,900,000 *' 24,750,000 ** 

Portugal 2,500,000 »' 2,100,000 

Austria-Hungary .... 3,000,000 " 2,800,000 *' 

Russia 2,500,000 »* 8,120,000 " 

Switzerland 1,250,000 »' 1,160,000 ** 

Germany 2,775,676 " 1,406^18 

Roumania 8,200,000 '* 8,900,000 " 

United States 1,147,000 *' 1,800,000 " 

Other countries 10,261,000 " 9,976,700 " 

108,300,534 " 119,685,818 " 

IV. a. PRODUCTION OF DISTILLKD SPIRITS IN THK UNITED STATE.S. 



Variety or Spirit. 



Bourbon whiskey 

Rye whiskey 

Alcohol 

Rum 

Gin 

"High wincM" 

"Neutral or cologne spirit" 
Miscellaneous spirits .... 
Fruit brandv 



Total 



1896. 



Gallons. 

16,935,862 

9,153,066 

9,960,301 

1,490,228 

1,098,376 

198,299 

25,564,738 

22,187,833 

3,403,852 



89,992.565 



1«97. 



Qalloiis. 

6,113,726 

4,269,220 

9,503,353 

1,294,157 

1,159,314 

20f), 739 

16,877,306 

23,041,833 

1,813,427 



04,279,075 



1898. 



Gallons. 
13,439,469 

8,818,240 
11,672,795 

1,840,547 

1,267,579 

174,124 

20,613,205 

23,436,264 

2,906,198 



83,668,411 



1 



Ga 

n,: 

10,' 

11 



< 



25, J 

27,! 

3,( 



100, 



IV. i>. CONSUMPTION OK DISTILLED SPIRITS IN THK UNITED STATE.s. 



1896. 



Domestic spirits from fruit 
All other domestic spirits . 
Imported for consumption 

Total 

Per capita 



Proof gallons. 

1,440,810 

(i8,069,563 

1,541,504 

71,051,877 

1.00 



1897. 



Proof gallons. 

1,146,181 

69,789,991 

2,230,711 

73,166,833 

1.01 



1898. 



Proof gallons. 

1,411,448 

79,159,590 

916,549 

81,487,587 

1.10 



1 



Prool 
84, ( 

87,; 
1 



IV. C. I'RODIJCTION OF DIFFERENT COUNTRIES, CALCULATED ON A BASIS < 

ALCOHOL (100 PER CENT.) IN HECTOLITRES. 



Countries. 



Germany 
Austria . 
llungary 
Spain . . 
Sweden . 
France . 
Hollaiul. 
Bcli^iiim 



1895. 



1,868,404 
942,400 
420,000 



336,000 



189(». 



3,338,648 

1,897,780 

984,801 

802, (MX) 



887,500 



1897. 



3,100,505 



179,870 

2,028,022 

348,000 



1898. 



3,287,890 



184,762 ; 
2,263,744 , 2, 

*296,'551 ' '. 
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CHAPTER VII. 



MILK INDUSTRIES. 



I. Raw Materials. 



Milk is the fluid secreted by the females of the mammalia for the 
ttoiirishment of their young, and is therefore a food specially adapted for 
the needs of the animal organism at this stage, furnishing all the nutrients 
required and furnishing them in the proper proportion. As will be seen 
from its analysis, it occupies an intermediate position between the cereal 
a-i^d the strictly animal foods, approximating, of course, more nearly the 
latrter, but showing in one important constituent, milk-sugar, its relation- 
ship to the former. 

Milk is a secretion of the mammary glands, in which it is produced 
I>iX)ximately by certain processes of diffusion from the blood and immedi- 
rtiely by the breaking down of the gland-cells themselves, so that milk is 
^ei8cribed as cell-material liquefied. The milk of all mammalia is essen- 
tia.11y the same in its constituents, although these vary somewhat in their 
relative proportions. 

The essential constituents of milk are water, fat, casein, albumen, milk- 
sugar, and salts. The relative proportion of these constituents in the milk 
<>f different animals may be seen from the following table of analyses from 
Wvnter Blyth : * 





Fat 


CaseiiL 


Albu- 
men. 


Milk- 
sugar. 


Ash. 


Total 
solids. 


Water. 


^uman milk 

Cow's milk 


2.90 
8.60 

2.90 

4.20 
102 
2.50 
5.80 


2.40 
8.98 


0.57 

0.77 

» — 


5.87 
4.00 

5.66 

4.00 
5.50 
5.50 
4.20 


0.16 
0.17 

0.66 

0.56 
0.42 
0.50 
1.00 


12.00 
18.13 

18.06 

12.46 

8.83 

11.20 

17.78 


88.00 
86.87 

86.94 

87.54 
91.17 
88.80 
82.27 


Camel's milk 


8.84 


Qoat'smilk 

1 Ass's milk 

I Idare's milk 

1 Sheep's milk 


8.00 
1.09 
2.19 
6.10 


0.62 
0.70 
0.42 
1.00 



In taking up milk as a raw material for industrial utilization, we shall 
refer to cow's milk exclusively unless otherwise specified. 

The &t exists in the milk in the form of minute globules suspended in a 
thin liquid, forming for the time a perfect emulsion with the aqueous solu- 
tion of the other constituents. The fat is essentially an intimate mixture 
of the glycerides of the fatty acids, palmitic, stearic, and oleic, not soluble 
in water, and of the glycerides of certain soluble volatile fatty acids, such 
as^butyric, caproic, caprylic, and capric. 

The casein of milk exists apparently in the fresh milk as a soluble com- 

* Foods, Composition and Analysis, 1882, pp. 214, etc. 
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.1 (jf albumen and (■ak'imn phosphate, wliieh bv the action of rennet (a 
mt'Ut Irom the calf's stuinat^h) is converted into the iiLsoluble one knuwn 
as casein. The casein precipitated by rennet contains five to eight per «nt 
of ash, consisting almost entirely of calcium phosphate If, however, tliis 
caicinm pliosphate compound of albumen is aecompoaed by mineral acidg 
or acetic acid, the casein precipitated contains only traces of ash. Lactic 
acid gives tlie same result, so that the ca.«in coagulated by the souring of 
the milk shows less ash than that precipitated by rennet from sweet milk. 
On the other hand, carbon dioxide will act like rennet The soluble com- 
pound existing in the fresh milk is considered to be that of the trical<;iiini 
phosphate with albnmcn, wliile the iasoluble one precipitated by rennet is 
tlie acid calcium phospliate with albumen. Pure casein is a perfectly white 
brittle crumbling suhstant*, insoluble iu water, but soluble in ven,- dilute 
acids or very dilute alkalies. In the action of rennet and acids upon casein 
a portion is apparently altered into what are called peptones {lacto-pralem 
or bteio-pephiu') and remains dissolved in the whey of the milk. The albu- 
men (or soluble nitrogenous matter) of milk seems to be analt^us to the 
albumen of blood. It nmy be obtained by precipitation with Irasic acetate 
of lead or by dialysis as a yellowish flaky mass. The proportion of albnmea- 
in milk is always, according to Wynter Blyth, about one-fifth of the casein.- 

Two additional nitrogenous compounds have been found by Blyth t*^ 
exist in small amounts in milk, to which the names galactute and laeto-chrtmrn^ 
have been given. 

Milk-sugar, which is an important and chai-acteristic constituent of t)^ ' 
milk, is obtained from the serum, or " whev." After the separation of tJ^^ 
curd has been effected by the addition o^ rennet the whey is evaporati 
on the water-bath, and yields the milk-sugar in hard crystals. The 
when purified by animal charcoal and rccrvstallized show the compositio: 
CijHdOii + H,0. It is easily distinguished from other sugars of the sai 
formula. It is converteti by boiling with dilute acids into dextrose an^^"' 
galactose, which latter has one-fiftii less copper-reducing power than de x J^^' 
trose. It undergoes the lactic fermentation readily but the alcoholic wit^^*" 
some difficulty. 

The ash of milk consists of calcium citrate and the phosphates anc:^** 
chlorides of potassium, sodium, calcium, and magnesium, the salts tliat ar^^"*^ 
specially nee<ied for the growth of tiie bone-material in the young uour— """" 
ished by the milk. 

Cow's milk is a white or yellowish-white liquid, nearly o})a<jue, excvpw-^^ 
in very thin layers, when it has a bluish opalescent appearance, and a specifi*^ ■" 
gravity of from 1.029 to 1,035. It has a mild sweetish taste and a siighr *^'' 
but characteristic odor, stronger when stilt warm from the oow. Upoi-^ ■*" 
allowing milk to remain at rest for some time it undergoes two changes ^' 
First, a yellowish-white layer forms on the 8urfa«> known as " crwun," du»--*^ 
to the rising of the specifically lighter fet-globules from the body of tht^*^ 
liquid where they were held back in emulsion with the aqueous liquid ; and-^^^ 
second, the aqueous liquid after a time undergoes further separation into ^t ■ 
thick coagulnm or " curd" of casein and a thinner liquid or " whey," holdin^^ •? 
the sugar of milk, any lactic acid formed from it, and the salts in solution. -*^ 
Both of the changes are of the greatest importance, as upon them are baeetE-*""^ 
the ^^at milk industries, butter-making and cheese-making respectively. 

The rising of the cream is largely dependent ordinarily upon two condi — " 
First, the temperature, — a low temiierature being favorable to ihe^^^ 



^^uis: First, the 



PEOCESSES OF MANUFACTURE. 



253 



eparation ; and, second, complete freedom from agitation. These conditions 
jne not, however, indispensable, as will be seen later (see p. 255) in speaking 
>f the use of centrifugals for the separation of cream. 

The rising of the cream is generally allowed to be an entirely spontaneous 
hange on the part of the milk and the first one which it imdergoes, but in 
ome creameries a little sour milk (containing lactic acid) is aaded to the 
resh milk, when first put in the cream-rising pans, so that the curdling of 
he casein may facilitate the escape of the fat-globules and the rising of the 
In such a case what remains on removal of the cream is not ordi- 



ream. 



lary skimmed milk, but a sour curdled milk. The second change men- 
ioned, that of curdling, is really preceded by a change of some of the 
ailk-sugar into lactic acid (due to lactic fermentation, which sets in very 
luickly in hot weather or if the milk has not been kept in clean vessels). 
rhis souring of the milk may be retarded by the addition of a little car- 
)onate of soda or boric acid. The lactic acid as soon as liberated decom- 
poses the soluble casein compound, before referred to (see p. 252), and the 
asein is thrown out or coagulated as "curd." The separation of the curd 
s aided by heat The liquor in which this coagulated casein floats, the 
enim of milk, or " whey,^' contains about one-fourth of the nitrogenous 
latter of the milk, all of its sugar, and most of its mineral matter. The 
rhey is " sour whejr" in case lactic acid has formed as the antecedent of the 
ciagulation, or " sweet whey'' in case the casein is thrown out by the action 
f rennet without the formation of lactic acid. 

The composition of the several parts into which the milk is divided by 
:iese changes is thus given by Fleisehmann : 





Water. 


Fat. 


Caaein. 


Albumen. 


Milk-sugar. 


Ash. 


Whole milk 


87.60 


8.98 


8.02 


0.40 


4.30 


0.70 


Cream 


77.30 


15.45 


8.20 


0.20 


3.15 


0.70 


Skim-milk 


90.34 


1.00 


2.87 


0.46 


4.63 


0.71 


Butter 


H.89 


82.02 


1.97 


0.28 


0.28 


0.56 


Buttermilk 


91.00 


0.80 


3.50 


0.20 


8.80 


0.70 


Curd 


69.30 


6.43 


24.22 


3.68 


6.01 


1.51 


Whey 


94.00 


0.35 


0.40 


0.40 


4.56 


0.60 



And the relative yield of these several constituents from one hundred 
^rts of milk is thus given by the same author : 



100 parts of sweet milk will yield (by natural cream-raising or by centrifugal 

cream-separating) 



20 parts of cream, which 
(churned into butter) 
will yield 

I— ^ 



-"i6 



^ parts 



16.80 parts 
butUrmUk. 



0.14 loss. 



79.70 parts of skimmed milk, which 
(coagulated by rennet or acids) 
will yield 



7.93 parts 
curd. 



71.45 parts 
whey. 



0.82 



OSS. 



0.80 parts 
loss. 



0.80 loss. 



n. Processes of Manufacture. 

1. Manufacture of Condensed and Preserved Milk. — Con- 
lensed milk is milk from which a large portion of the water originally 
^resent has been driven off, increasing, of course, in a proportionate d^ree 
he percentage of the other constituents. This condensed product may or 
day not have cane-sugar added to it as a preservative. That to be pre- 
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served with cane-siigar is made much more concentrated, and is that which 
is manufactured for export and preservation in sealed tin cans. In its 
preparation, the milk is first heated to 65.6° to 80° C. (150° to 175° F.) bv 
placing the cans containing the milk in hot water, and is then strained and 
conveyed to the evaporating vessels, which are usually vacuum-pans. Re- 
fined sugar is added during the boiling to the amount of one to one and a 
half pounds for every quart of the condensed milk produced. The product 
is drawn off into cans, cooled to about 70° F., and then weighed into tins, 
which are at once soldered down. 

Condensed milk free from cane-sugar is only concentrated to about oue- 
half the degree attained in the other product, and is then cooled and filK'd 
into stone or glass flasks provided with ordinary air-tight stopi)ers. It 
will remain fresh for from one to two weeks, and requires only to \ye 
diluted with its own bulk of water in order to yield the counterpart of tlie 
original milk. 

Preserved milk is either prepared by Appert's process, which consist^ 
in boiling the milk to destroy ferments and keeping it then in hermetically- 
sealed vessels, or by Scherff's improved process, whereby the milk is filliJ 
into glass bottles which are stopped with corks previously steamed and then 
fiistcned in by clamps, and then heated in closed boilers under a pressuix^ of 
from two to four atmospheres to about 120° C. The bottles are then tiiken 
out of the pressure-vessel and cooled down, with the corks covert^ with 
flannel soakixl in paraffine, so that as they cool the air entering through the 

f)ores of the corks shall be filtered. When cooled down, the cork, which 
las been drawn into the neck of the bottle considerably, is coveroil with a 
layer of paraffine. This kind of preserved milk is used largely in (icrmaiiv 
for invalids and children. 

2. Of Bi'TFEU. — The first operation in this connection is the separation 
as completely as possible of the i^reani from the rest of the milk. This is 
generally a spontaneous process, it is true, but its completeness is dejx^ndent 
largely upon the conditions l^efore referrcnl to. There are various ways in 
which the raising of the cream is allowed to take place. We may mention 
the Holstein process, in which the fresh milk is at onc^ set to raise cmun 
in wide shallow pans at a temperature of 12° to 15° C. (53.6° to 59° F.), 
the Dutch process, in which it is first rapidly cooled down in large vessels 
inHners(Ml in cold water to about 15° C. (59° F.) and then transferred to 
the shallow pans for the raising of the cream, and the Schwartz process, 
largely used in Northern Kuro])e, which ditfei's from the Dutch jmx'CtN'^ 
chiefly in nsin^; niueh deeper pans at a lower temperature, 4.4° to 10° C 
(40° to 50° F.). Very similar to this last mentioned are the Hardin and 
the Co(dey methods, wliieh also use deep cream-raising pans. In the former 
of these, iee and not ice- water is used to effect th(» coolinjr, the jwns Ix'ini: 
exposed to the influence of air eocdcnl by ice, the claim Imng made that the 
cream is obtained in nion; s(did condition. In the Coolev method, U!?td 
laruclv in this country, the water not only surrounds the can outside '<i^ 
hiirii as the milk insid(», but is made to ris^; an inch or two above the lid, '*=<> 
that the can is completely submerged and all con tann' nation from external 
sources prevented. 

The processes which use shallow })ans give a larger yield of cream lui^ 
take a longer time (thirty-six to forty-eight hours ns agjiinst eighteenth 
twenty-four for those using d(M»|) pans). Within the last ten years tli^ 
Mrinciplc of the centrifugal has been applicn:! to the separation of the creaui 
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he milk, and this has proveo itself so sucoewful that in most large 
;rie3 it is now utilized. The milk is placed in a horizontal rotating 
driven at a high rate of speed, which causes the heavier milk fluid 
vitate towards the circumference of the vessel, whilst the cream re- 
nearer the centre and rises towards the upjjer part of the rotating 
whence it is removed by a conveniently-plat«d aperture on the side 
vessel. An exit is also provided for the gradual removal of the 
led milk, thus making room for fresh milk to \k added to the ap- 
s and allowing the pnK'Oss to be carried on continuously. Figs. 74 
and 75 siiow the Laval cream 
Heparator in general view and in 
sctlion. The fresh milk is a ' 
mitted through a funnel, the 
tul>e of which is prolonged so 
as to deliver the milk near the 
bottom of the revolving drum. 
The skim-milk flows out through 
an o[>CDing, t, and the cream 
through a higher opening, the 
relative position of w^ich can be 
changed by an ailjustable screw 
alxive. The cream obtained by 
these centrifugal separators si 




i appended cream analyses by 
ramples 2 and Ij were separated by the centrifugal scjiarator : 





„.,.,. 


F.- SS. 


Cutein. 


Mb. 


BW oreatii 
»w cream 




M.02 
60,66 
87,93 
68.07 
83.07 
37.62 
33 70 




3,71! 
2,'JO 

3,65 
8.04 

i-es 

4.B7 


57 
0.41 
l).>13 
0.51 
0.5* 
0.82 
0.4T 




33.60 
24.44 
35.67 

30.74 
68.77 
69.79 


2.43 
2.Hfi 
2,20 
2.S1 
1.46 
1.01 
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The compoeition of tke skiimui^ milk of Luurse \'anes according to tlie I 
extent to which the cream has been removed. The followiog analvaes \>y \ 
Voelcker represent its avei-age composition as obtained in the ordinary v 
and 88 obtained by the Luval separator : 




.ler. ^-tf- C«ein. «S?; ^ 



90.82 0.31 3.31 4.77 0.79 



The coalescence of the fat-globules separated in the cream layer is no^sr 
to be effected to fornl the compact butter. This is almost univeraalljk- 
accomplislied by mechanical agitation in the process called churning, Tlic 
churns may be of very diverse construction, either for hand or power. 
The cream may be taken as " sweet cream" freshly separated in the oentril- 
ugal or raised from deep pans where the skim-milk is still sweet, or it may 
be " aoiir cream," which has stood longer and haa separated slowly in sluti- 
low pans. The sour cream is more eaaily churned, but the butter will wa- 
tain more casein, while sweet cream yields a butter with pieasantcr ti.* 
and better keeping qualities because containing less casein. The tempera- 
ture most favorable for churning is about lO-o" C. (tiU" F.). Sometimei 
cream is heated to a much higher temperature first, and then cooled di)wii 
to 60° F. before being churned. Butter thus made keeps well. 

Butter liaa almost invariably some salt added to it even when for im- 
mediate c-onsumption ; the quantity in this case need not be lai^ (five-tenihs 
to two per cent), but when it is to be packed for preservation or for espcirl 
considerably more is added, so tliat it is known as '* salt butter." Expuft 
butter has also a small addition of sugar, and sometimes saltpetre, added, a* 
well as gait, to preserve it. Genuine butter will always have a yellowliili 
color, which, however, becomes deeper in summer wheu the cows have M 
abundance of fresh pasture. Moat butter manufacturers now add a little 
vegetable coloring matter like annato, carrot-color, or satTron, to give ihf 
butter this desired yellow tint in winter, when the butter would otherwisf 
be very much lighter in color. All butter will in time become randdaiid 
take a strong disagreeable odor. This is due to the gradual $pontane<iUi 
decomposition of the butyric ether under the iuHuent* of air and light 
whereby free butyric acid is liberated. 

The composition of butter will be more fully spoken of later on in dis- 
cussing the products of these industries. 

3. Op AhtificiAL Butfer (Bviterine, Oleomargarine). — The mann- 
ftcturc of substitutes for normal dairy butter began with the experiments 
of the Frenchman M^^Mouries in 1870. He found that carefully- 
washed beef-suet furnished a basis for the manufaeture of an excellent 
Bubstitute for natural butter. The thoroughly- washed and finely-chopped 
auet was rendered in a steam-heated tank, taking for one thousand parts of 
iat, three hundred jiarts of water, one part of carbonate of potash, and 
two stomachs of pigs or sheep. The temperature of the mixture was raised 
to 45" C. After two hours, under the influence of the pejtsiii in th« 
stomachs, the membranes are dissolved and the fat melted and risen to the 
top of the mixture. After adding a little salt, the melted fat is drawn offp 
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stood to cool do as to allow the st(?urin and palniitin to crvetalline out, 
and then pressed in bags Id a. hydraiilif press. Forty to fifty per eeut. of 
eolid Btearin remains, while fifty to sixty per eent. of fluid olcoji&liDitiu 
(so-called "oleomargarine") is pressed out. M^^ then mixed the "tileo 
oii"ffith ten i)er cent, of its weight of milk and a little biitter-eolor and 
churned it. The fat-cutting pronsjs of M&ge-Mourios is shown in ¥ig. 76 




and the Lhiimiii^; ut' thf "oluo nil" in Fig, 77. The product was then 
worked, salted, and constituted the " oleomargarine," or butter sulstitute. 
Various improvements have been made in the process of M6ge, and it has 
been found that Icaf-lard can be worked in the same way as beef-suet, and 
will yield an oleo^ialniitin suitable for churning up into a butter substitute. 
The processes now followed are given substantially as desi'ribed by Mr. 
PhiL D. Armour in his testimony before a committee of Congress : * " The 
&l is taken from the cattle in the process of slaughtering, and after thurougb 
vieiiuig 18 placed in clean water and surroimded with ice, where it is allowed 
to THuain until all animal heat has been removed. It is then cut into smalt 
^eOFS bv machinery and cooked at a temperature of about 150° F. (65,6° 
C.) luttii the fat in liquid form has separated from the fibrin or tissue, then 
settled until it is perfectly clear. Then it is drawn into graining-vats and 
allowed to stand for a day, when it is ready for tlie presses. The pressing 
extracts the stearin, leaving a product (»mraercially known as 'oleo oil,' 
which when churned with cream or milk, or both, and with usually a pro- 
portion of creamery butter, the whole being properly salted, gives tlie new 
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food product, olp'jmargarine. In making butterine we tise ' neutral lard,' 
which is made from selected leai'-lard in a very similar manner to olco oil, 
excepting that no stearin is extracted. This neutral lard is cured in salt 
brine for forty-eight to seventy hours at an ice-water temperature. It te 




then taken and with the desired ]ivi>p.>r-ii I' mIci 

churned with cream and milk, pruducing an aiticlc which wheu pruperlj 
salted and packed is ready fi>r the market. 

" In both caaes coloring matter is used, which is the eame as that ii£e( 
by dairymen to color their butter. At certain seasons of tlie year — viz., ii 
cold weather — a small (juantity of sesame oil or salad oil made from cotton 
seed oil is used to soften the texture of the product" 

It will be seen that in this process a higher temperature is used in render 
ing the fat than was used origmally by M^. He obtained about fifty pe 
cent, of oleo oil. The manufacturers now obtain sixtv-two per cent o 
more. The oleo oil from beef-suet and the neutral lard from leaf-lard ar 
frequently mi.xed, tJie proportions varj'ing according to the destination oi 
the product ; a warm climate calling foe more " oleo," a cold one for mor 
" neutral." In ordinary jiractit* about forty-eight gallons of milk are nso 
for churning witli the oil [ler two thousand jwunds of product. Plain oleo 
margarine is the cheapest product made. By adding to the material in tb 
agitator or chum more or less pure butter what is known as butterine i 
produced, two grades of which are commonly sold, — viz., " creamery but 
terine," containing more, and "dairy butterine," containing less, butter. 

Large quantities of oleo oil are now manufkctured mid exportetl as sue 

I from the United States to Europe, notably to Holland, where it is made u 

into oleomai^rine butter. There arc said to be seventy manufactories o 

this kind in Holland which work up oleo oil from all parts of the world. 

4. Cheese-makixg, — The manu&cture of cheese depends upon tt 
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propeitjr poesessed by casein of being curdled by acids or ferments. In the 
case of sour milk, the milk-sugar has developed by the lactic fermentation 
some lactic acid, and this, as before stated, promptly throws out the casein 
in the insoluble form. In the case of sweet milk we usually accomplish the 
curdling of the casein not by the use of an acid, but with a ferment con- 
tained in the preparation called rennet. This is prei)ared from the fourth 
stomach of the adf by first cleansing the stomach, cutting and drying it, 
and then leaving some brine in contact wnth its lining membrane for a few 
days. The salt liquid will thus acquire very active projx^rties, so that a 
small quantity will curdle a large quantity of milk. \Ve would have then, 
aceordu^ as one or the other metnod is followed, a sour-milk cheese or a 
sweet-milk cheese. The former have a very minor value commenually, being 
made mainly for immediate domestic consumption. The latter class include 
all die more valuable commercial varieties. Of these we may distinguish 
&t half-fiit (or medium), and lean cheeses, or as they are also designated to 
inlicBte their origin, cream cheeses, whole milk cheeses, and skim-milk 
cbeesea. As these last names indicate, the material may differ. We may 
have, moreover, all gradations or mixtures of cream, whole milk, and skim- 
milk used for the various grades manufactured. 

In cheese-making from sweet milk, the milk, whether whole, mixed 
with cream, or skimmed, is heated to about 30° C. (86° F.) and the rennet 
added. It curdles usually in from thirty to forty minutes. After the curd 
has formed and been cut, or " broken down," the heat is raised to 98° F. 
(36® C.) to insure the souring of the whey and its more complete scimration 
ntMn the curd. Or the curd produced at not over 86° F. (30° C.) is afler 
being cut collected in a heap, covered with a cloth to preserve the heat, and 
allowed to stand an hour to develop the acidity which 8er\'cs to harden the 
curd and promote its separation from the whey. The (.'urd is now cut up, 
worked to free it from the whey, salted and pressed. After it has acquire! 
sufficient coherence (which requires from twelve to fourteen hours) it is taken 
from the press and placed in the curing-room to " ripen.'' This ripening 
process is essentially a fermentative one, and during its progress the curd 
loees its insipidity and acquires the characteristic taste and flavor of cheese. 

In tins process of ripening, the milk-sugar remaining in the cheese be- 
wmes transformed partly into lactic acid and partly into alcohol and carbon 
dioxide. In some varieties the carbon dioxide swells up f" huffs") the cheese- 
njaas and gives it the porous character so noticeable in tne rii)ened cheese. 

Fresh cheese has an acid reaction, but this diminishes more and more in 
the ripening, as the casein is gradually altered, soluble albuminoids, pep- 
tone-like IxSies, and organic bases like leucine, tyrosine, and amines being 
formed. 

Some cheeses, esjxxjially the cream cheeses, are not pressed, but come on 
the market as soft cheest»s. In these the curdling by rennet has also been 
effected at a lower temperature than in the case of the hard cheeses. 

Cheese has also been manufactured extensively in this country from 
skimmed milk to which oleomargarine or " oleo oil" has iK'cn added so as 
to give the finished product the character of a whole-milk cheese. This 
product is now quite supplanted, however, by the " lard cheese," which, ac- 
cording to Caldwell,* was made in 1882 at over twenty factories in the State 
of New York. In this process an emulsion of lard is made by bringing 

♦ Second Annual Report New York State Board of Ileal th, p. 629. 
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Omdensed Milk without Cane-^ugar. 



Brand. 


Water. 


T9X. 


Milk-sugar. 


Casein. 


Salts. 


1 American 

New York 


62.07 
66.71 
55.43 
56.01 


16.06 
14.13 
13.16 
14.02 


16.97 
13.98 
14.84 
14.06 


14.26 
13.18 
14.04 
13.90 


2.80 
2.00 
2.53 
2.01 


Oninulated Milk Company . . 
Eagle " . . . 


"~t>'" •••'* 



2. Butter axd Butter Substitutes. — Commercial butter is more 
or less granulai', and the more perfect the granular condition the higher is 
its quality considered. Special effort has been made in the case of oleo- 
margarine or butterine to imitate this granulation, as the artificial j)roduct 
does not naturally tend to show such ap[)earance. A good butter when fresh 
lias a pleasant fragrant vAov and agi'eeable taste, but the flavor, like the 
color, varies with the food of the cow, certain plants, like garlic, giving a quite 
pronounced flavor to l)oth milk and butter. At ordinary temj^eratures but- 
ter is easily cut or moulded, and it readily melts to a trans])arent, light- 
colored oil. It always contains, accoixling to the thoroughness with which 
it has been kneaded and washed, more or less casein, which is very liable to 
undergo decomposition, and hence the necessity for the addition of larger or 
smaller amounts of salt, which acts as a j)reservative. When the butter-fat 
is freed from curd and water by melting the butter and drawing off the oily 
layer it may be kept for a long time without change. 

This butter-fat is made up, as was stated in speaking of the fat of milk, 
of the glycerides of oleic, palmitic, and stearic acids (the so-called insoluble 
acids) and the glycerides of butyric, caproic, caprylic, and ca{)ric acids (the 
so-called soluble acids). The pro|K)rtion in which they exist in butter-fat 
varies within very slight limits only, so that five to six per cent, may be 
called the average percentage of the soluble acids, and eighty-eight per cent, 
the average percentage of the insoluble acids present in butter-fat. This 
gives a very important means of distinguishing between a natui'al butter and 
oleomargarine or natural butter adulterated with the imitations. In such 
butter tlie glycerides of the soluble acids (butyric, etc.) are either wanting 
entirely or, if a little cream was used in the churning with " oleo oil" present, 
in very much smaller amount than the normal. This distinction will be evi- 
dent from the analyses of normal butter and oleomargarine butters, given on 
the authority of Dr. Bell.* 



Genuim BiUler, showing Range of Variation in Composition of the Fat, 





Water. 


Salt 


Curd. 


I . . 


7.56 


1.03 


1.15 


2. . . 


11.71 


8.60 


0.95 


S. . . 


11.42 


1.29 


1.12 


I . . 


12 55 


089 


0.74 


6. , - 


14.62 


1.48 


1.88 



Butter 



90.27 
83.74 
86.17 
85.82 
82.02 



Specific 



y"^' gravity at 
fat. ^looolp. 



913.89 
911.45 
910.47 
910.20 
910.70 



Percentaee of > Percentage of 
fixed acids in 



fat. 



85.56 
88.24 
88.53 
89.00 
89.00 



soluble acids 
as butyric. 



7.41 
6.41 
4.84 
4.57 
4.60 



Melting 
point, 

Fahren- 
heit. 



80° 
90<» 
90° 
90° 
91° 



F. 
F. 
F. 
F. 
F. 



* Analysis and Adulteration of Foods, pp. 68 and 70. 
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AnabfmB of (Xeomargarine BuUer or BtUtarme, 



Water. 


Salt 


Cord. 


nt 


8p60l6o 


Peroo&tue 

otnxSr 


of ioliibia 
aold& 


IMtlH 

poSuSk- 

nnMl 


14J0 
11.21 
12.88 
6.82 
18.21 


8.81 
1.7a 
400 
1.00 
8.00 


0.48 
1.78 
1.00 
0.67 
1.07 


81.41 
86.86 
82.68 
02 02 
81.78 


008.84 
802.84 
808.16 
808.70 
001.86 


04.84 
04.88 
- 06.04 
06 20 
06.60 


0.66 
0.47 
0.28 

ai6 


82»F. 
78»P. 
78«»F. 
8PP. 
78»P. 



The best grades of artificial butter do not differ in wpearanoe fiom 
ordinary batter. To induce the proper mnulation of the oleomargariney it 
is chilled thoroughly with fragmaitB or ice immediatdy after it is taken 
from the chum and before kneading or salting it. In color, consisteiiffl^ 
and taste it may be made to imitate the natural butter so as to deceive most 
persons. A distinction, it is said, however, cm always be noted in the tiate 
when it is melted upon hot boiled potatoes, to whioi it imparts a pecnliir 
taste recognizable as distinct from that of a true butter. 

3. Cheese. — ^The general classification of the dieeses has been giveo id 
speaking of the methocb of manufiusture, and the distinction between the fit 
and lean cheeses, between cream cheese, whole-milk and skimmed-milk 
cheeses given. The terms hard and soft cheeses are applied acoordin^ as 
the curd has or has not been pressed in the process of manu&ctunng. 
Most of the names which have been attached to the different varieties of 
cheese are those of localities. We will indicate the character of a few of 
these. 

Neufch&tcl cheese is a 8vns8 cream cheese. 

Limburger cheese is a soft fat cheese. 

Fromage de Brie is a soft French cheese rapidly ripening and devel- 
oping ammoniacal compounds. 

Camembert cheese is also a cream cheese. 

Roquefort cheese is a cheese made from the milk of the ewe. 

Gruydre cheese is a peculiarly flavored Swiss cheese. 

Cheddar cheese is a hard clieese made with whole milk. 

Single and double Gloucester are made, the first from a mixture of 
skimmed and entire milk, and the second from the entire milk. 

Parmesan cheese is a very dry cheese, with a large amount of casein 
and only a moderate percentage of fat. 

Eidani cheese is a Dutch cheese, also relatively dry, and covered with 
red (coloring. 

In illustration of the chemical composition of these different vmrietieB 
of cheese we will append three tables, the first of analyses from miaodlane- 
ous sources, and the second and third from Bell,* giving a fuller study of 
the composition of the cheeses and showing the difference between the ftt 
normally l)elonging to the cheese and the fat added in the shape of lard or 
" oleo oil" in adulterated cheeses. 



* Analysis and Adulteration of Foods, pp. 79 and 82. 
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41,30 


ZLTS 


28,25 
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7.10 


38.80 


42,41 


4,4S 
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AnalyBea of Oleomargarine OTid Lard Cheeaea, 



Water. FtL 



i'fLC" 



lUt-SUGAR. — The manufacture of crystallized mflk-stigar (lactose) 
lujMxl greatly in recent years, and a perfectly white, well-crys- 
^rodurt IB now obtained. For its preparation, the sweet skim- 
i comes from the cream separator is precipitated with acetic acid, 
Lnd boiled either in open sleam-lieatM evaporators or in vacuum 
'his first boiling should take several hours. The whey during the 
>ecomes more cloudy, bur suddenly clears, and the remaining 
lids will separate in large fltxks that can readily be filtered. It is 
;red hot and boiled to crystallization in a vacuum pan. The raw 
obtained can be refined and made white exactly as described under 
ir. As the first crystallization is all that can be brought to satis- 
jlor and purity, the yield is not much over ten per cent, of the 
ir contained in the milk. 
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5. Koumiss. — Koumiss is an alcoholic drink made by the fermentation 
of milk. As made by the fermentation of mare's milk it has long beeo a 
favorite beverage with the Tartars and other Asiatic tribes. Cow's milk 
has been used chiefly in making it in both' Europe and America. Mare's 
milk is the more suitable for fermentation because of the larger percentage 
of milk-sugar which it contains. 

The fermentation is started by mixing fresh milk with some already 
soured. Both the lactic and the alcohol fermentations are set up, with the 
production of lacrtic acid, alcohol, and carbonic acid gas. Some of the albu- 
minoids are also changed into j>eptones. The com})Osition of the koumiss 
as prepared from both marc's and cow's milk is shown in tlie accompanyiii<r 
analyses from various sources : 







• 




^v 








OK 




-C 




u-^ 


■3 


irs 


m • 
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0.88 


0.29 


1.03 


0.44 


0.95 




6.^ 





Koumiss Trom mare's milk iFlelsohmann) 
Koumiss from cow's milk (Fleischmtmn) 
Kouiuitis from mare's milk ^Konig) . . 
Koumiss from mare's milk (Loudou, 18tM) 
Koiimi.sai from co.v's milk (Wiley) . . . . 






91.53 
88.93 
92.47 
91.87 
89.32 



. I 

— ao ■ a ^ 
S > -9 



1.25 
3.11 
1.24 
0.79 
4.38 



1.01 
079 
091 
l.W 
0.47 



II 

< 



1.91 
2.03 
1.97 
1.91 
2.56 



£ 



< 



1.27 
085 
1.26 
1.19 
2.08 



1.85 
2.65 
1.84 
2.86 
0.76 



6. Kephir. — This is a Caucasiau product somewhat similar to koumiss, 
but prepared from cow^s milk in leathern bottles by the aid of a peculiar 
ferment known as "kephir grains." According to Kern, as quoted by 
Allen (Commercial Organic Analysis, 2d chI., vol. iv. p. 242), the kepbir 
ferment is an ela.<tic cauliflower-like mass found below the snow line on 
certain hushes. The fungus consists of bacilli and yeast-cells, each (tH 
containing two round si)orcs, whence the name Dl^pora caueasina. Vlieo 
dried, the kephir fungus forms hard yellowish grains alxnit the size of i^^^- 
By soaking these in water and adding them to milk, alcoholic fermentation 
ensues and the kej)hir is matured in a few days. 

The following figures show the comparative percentage c^)mposition ot 
fresh milk, kephir, and koumi;^ 



Fat 

Pr(»tci(l< . . . 
Sui^jir . . . . 
Lactic arid . . 

AlcoJKtl . . . 

Water and salt.- 



• 


Fresh Milk. 

1 


Kephir. 






Kouiniii?. 


3.8 


2.0 

3.8 
2.0 
0.9 
0.8 
90.49 


2.a'> 


4.8 

4.1 


1.12 
2.2C) 




Traco. 


l.lo 




None. 


l.i;'» 




87.8 


91.8:i 



\ 



7. C\\sEiN Prkparatio.ns. — Casein is now utilizeil on a large scal^» 
first, «ns a l)asis of food pre])arations ; second, as a fixing agent in ealn'O 
printing instead of albumen ; and third, as a substitute for glue in cement?. 
For the first class of compounds, the casein siilts of the alkalies and alkaline 
earths are used, and are obtained by dissolving c^isein in the calculatca 
amount of caustic alkali, alkali metal, carbonate or phosphate or milk (»t 
lime, and evaporating the solution in vacuo. The products are dry white 
powders. For the second class of compounds, casein is generally dissolved 
in ammonia, the solution evaporateil, and the residue mixed with milk of 
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ime. Laetarine is a commercial preparation of this class used as a fixing 
gent. A mixture of casein with slaked lime sets to a hard insoluble mass, 
rnich is sometimes employed as a cement for earthenware and for similar 
inrpoees as a cheap substitute for glue. 

In making these casein cements the most important point that is to be 
loted to insure success is the freeing of the casein from all oily matter. 
Therefore, when curd is prepared from milk, use only the most carefully 
ikimmed milk quite free from cream. When cheese is used, select the 
poorest and wash it carefully. The washed and kneaded casein or cheese 
is thoronghly mixed with quicklime and applied quickly. It then sets very 
rapidly. Silicate of soda solution and borax are also used instead of quick- 
lime, and form excellent cements with casein. KdseUim pulver, a ready- 
made Swiss preparation, will set when moistened. 

8. Whey. — ^The aqueous liquid remaining after the separation of the 
butter-fiit and the casein, or cuixl, is termed the whey. Its more important 
constituent is milk-sugar, which in sour whey has been changed in part into 
lactic acid. It also contains soluble nitrogenous constituents, such as milk- 
albumen and peptonized casein. On account of these constituents it is an 
easily digestible preparation and one assisting digestion. Hence the use of 
the " whey treatment" in medical practice for dyspeptics and those suifering 
from enfeebled digestion. The chief importance, nowever, of the whey is 
for the extraction of the milk-sugar, which is largely carried out in Switzer- 
land. Other products of minor and hx^l importance only are " whey but- 
ter," "whey alcohol," from which latter "whey champagne" is made, and 
"whey vin^ar." The analysis of the average whey has already been given. 
(See p. 263.) 

IV. Analytical Tests and Methods. 

1. For Milk. — ^The specific gravity of milk is an indication of value, 
as it varies according to the content of fat, being higher for a skimmed milk 
than for a whole milk. However, when the cream has been removed, the spe- 
cific gravity may be reduced to that of normal milk by the addition of water, 
and dien the specific gravity determination taken alone would be fallacious* 
Hence the detection of the adulteration of milk by addition of water cannot 
he made with entire accuracy by the lactometer or specific gravity hydrometer 
in use. The lactometer officially used by milk inspectors in New York and 
other States indicates specific gravities between 1 .000 (the specific gravity 
of water) and 1.038. A specifics gravity of 1.021 (taken as the minimum 
density of genuine milk) is also marked 100°, while the specific gravity of 
water (1.000) is called 0°. Hence if the lactometer read 70°, the sample 
is supposed to contain seventy per cent, pure milk and thirty per cent, 
water. The average lactometric strength of about t\venty thousand samples 
of milk examined by the New York State Dairy Commissioner in the year 
1884 was 110°, equivalent to a specific gravity of 1.0319. Another form 
of lactometer used abroad is the Qucvenne-Miiller instrument, which is 
graduated in absolute specific gravity readings between the limits 1.014 and 
1.042, and then the limits of pure milk (1.029 to 1.034) indicated, and 
degrees of dilution with water also indicated as the specific gravity sinks 
below this. The d^ree of adulteration of skimmed milk is also indicated 
m the instrument in the same way. 

The total solids form an important element in the examination of milk. 
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In some States the minimum percentage of total solids allowed in a milk is 
stated by law. (In Massachusetts thirteen per cent. ; in New York and 
New Jersey twelve per cent.) To determine the water and total solids, five 
grams of milk are placed in an accurately weighed flat-bottomed platinum 
capsule and dried, first on tlie water-bath and afterwards at 105° C, until 
constant weight is obtained. Ritthausen proposed coagulating the milk 
^vith a few cubic centimetres of absolute alcohol before beginning the drying, 
but this is said to be unnecessary. 

To determine the ash, ignite the residue of the total solids just obtained, 
first over a small flame and finally at a dull red heat. Cover the dish, cool 
in the desiccator, and weigh. 

The fai determination may be determined roughly by the " cremometer*' 
of Chevallier, which is a graduated jar in which a sample of fresh milk 
is stood for from twenty-four to thirty-six hours and then the height of 
the separated cream layer read off. Eemembering, however, that all the 
fat-globules are never likely to rise and form together in the cream layer, 
more accurate methods are seen to be necessary. A volumetric method 
of much greater accuracy is that of the lactobu^Tometer of Marchand as 
improved by ToUens and Schmidt. In this the measured milk sample, to 
which a few drops of sodium or ammonium hydrate has been added, is agi- 
tated with ether, and then alcohol added, and the agitation repeated. On 
standing the graduated tube in warm water the ethereal layer of fat sepa- 
rates out on top the alcoholic ether, and can be read off and the percentage 
calculated from tables prepared. An improved form of the lactobutyrome- 
ter has been dosoribed bv Caldwell* and the accuracv of the method es- 
tablished. Another voluraotric method based upon the same principle, but 
more complicated in its details, is that of Soxhlet. In this, the milk made 
alkaline bv caustic potash is shaken with ether, and the ethereal solution of 
the fat rising to the top of the mixture is separated and its sj)ecific gravity 
determincH^l. Liebermann has also described a third volumetric meth(xl, 
and more recently f Morse, Piggot, and Burton have described what sctms 
to Ix? the most aeeunite of theses methods for the determination of the fat of 
milk volumetricallv. Their method consists in the dehvdration of the milk 
bv means of anhydrous cop})er sulphate ; the extraction of the iat by means 
of low boiling ix»troleum-ether ; the saponification of the butter by means 
of an excess of a standard solution of potassium hydroxide in alcohol ; and 
the determination of the excess of alkali bv means of a solution of hvdro- 
chloric acid. 

More generally relied uf)on for absolute accunu^y are the gravimetric 
methods, of which Adams's is generally followed. In this a coil of whito 
blotting-])aper (or thick filtering-|>a}x?r) previously purified with ether and 
drie<l is made to soak up the milk to Ixi analyzed from a weigheil beaker or 
pipette. The paper coil is then dried in a hot-air oven and placed in a 
Soxhlet (sc^ p. 7y) or similar fat-extraction apparatus connected with an 
inverted condenser and tlie fat extracted by ether or petix)leum-ether. 

The a/hHmhwifJs are cstimateil bv evaporating a weighed portion ot 
milk to dryness and making a combustion of the residue with scKla-limo or 
by the Kjeldahl method of conversion into ammonia compounds and dii^til- 
lation from an alkaline solution. Professor A. K. Leeds J prefers to deter- 



* Amer. Chem. Journ., vii. p. 243. t Ibid., ix. pp. 108 and 222. 

J Transactions of the College of Physicians, Philadelphia, 1884, p. 263. 
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albuminoids jointly with the fat by the pi^ecipitation with cupric 
after the method of Ritthausen as modified by Gerber. 
estimation of the milk-sugar by the polariscope is rendered difficult 
"esence in milk of various albuminoids^ all of which turn the plane 
zation to the left, and the ordinary means of removing these albu- 
3y a solution of basic acetate of lead is far from being perfect. Pro- 
ilev* after extensive experiments upon this has adopted a method of 
oalysis, using acid mercuric nitrate to precipitate the albuminoids. 
. the specific rotatory power of milk-sugar as (a)/> ^ 62.5. For de- 
lis procedure the reaaer is referred to his publication. Milk-sugar 

be determined either volumetrically or gravimetrically with the aid 
ng's solution. (See p. 158.) In this case, it is also necessary to 
he albuminoids first, and this is done by Ritthausen's method of 
tion with copper sulphate, all excess of this reagent being removed 
3tic potash solution. In calculating the results it will be remem- 
at the copper reducing power of milk-sugar is 70.5° as compared 
trose at 100°. 

sugar is probably most accurately determined by extraction from 
ree residue with weak boiling alcohol, filtering the alcoholic fluid, 
K)rating to dryness. This leaves the sugar with some mineral mat- 
i burning and determining this matter as ash the amount of sugar 
3tten. 

OR Butter. — The water in butter is determined by drying five 
\ of the butter in a platinum dish at a temperature of 100° C. 
.) or slightly higher. The melted butter is stirred from time to 
facilitate the escape of the moisture. The water will have been 
^ in three to four hours, and it has been found that longer heating 
2S causes the melted fat to gain in weight. 

etermine the salty the dried butter just obtained is treated with warm 
petroleum spirit, and the contents of the platinum dish poured on 
d filter and washed with ether until all fat is removed. The resi- 
filter are dried and weighed. The salt is then dissolved out by 
iter, and the chlorides in the solution estimated volumetrically by 
1 with decinormal silver nitrate, using a few drops of potassium 
3 as indicator. The difference between the weight of salt ascer- 
id the total weight of curd and salt on the weighed filter is regarded 
mount of the casein, or curdy present. If after washing out the 
residue on the weighed filter be dried and then weighed, the amount 
I so obtained is a little less than that gotten by difference. This is 
lie to the small amount of milk-sugar washed out along with the 
undetermined, and partly to the slight solvent action of warm water 
of the curd. 

percentage of fat may be obtained by evaporating the ether filtrate 
! previous determination of salt and curd, but the butter-fat is liable 
se in weight by this treatment, and therefore the fat is usually got- 
ifference after determining the water, casein, salt, and milk-sugar, 
adulteration of butter and the manufacture on a large scale of butter 
es makes an examination of the butter-fat one of great importance, 
miination may be both qualitative and quantitative. The butter- 
tten for examination by melting a sample of butter and, after allow- 

* Department of Agriculture, Bulletin No. 13, Part i. p. 113. 
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oollectiiig the washings which were obtained with boiling water and making 
them up to one hundred cubic centimetres and then carefully titrating an 
aliquot portion with decinormal soda solution. This will give the amount 
of soluble fat acids plus the excess of standard hydrochloric acid used orig- 
inally in liberating the fat acids. The amount of this excess can be ascer- 
tained bv carrying through a blank experiment with alcoholic potash and 
hvdrochloric acid, but without the fat. In the analysis of butter-fat the 
8am of the insoluble fatty acids and of the soluble fatty acids calculated as 
butyric acid should always amount to fully ninety-four per cent, of the fat 
taken. The soluble fatty acids calculated as butyric acid should amount to 
at least five per cent., any notably smaller proportion being due to adultera- 
tion. As an average, eighty-eight per cent, of insoluble and five and a half 
per cent of soluble acids should be obtained. 

While the true percentage of the volatile fatty acids cannot be easily 
obtained, the amount of alkali needed to neutralize them after distillation 
can be determined by Reichert's process. According to this, as improved 
by Meissl, five grammes of the fused and filtered fat are placed in a flask 
of about two hundred cubic centimetres contents with about two grammes 
solid caustic potash and fifty cubic centimetres of seventy per cent, alcohol, 
saponified on the water-bath and evaporated do\vn until all alcohol is driven 
off. The thick soap-mass remaining is now dissolved in one hundred cubic 
centimetres of water, forty cubic centimetres of dilute sulphuric acid added, 
ind, after adding a few fragments of pumice-stone, distilled with the aid of 
I Liebig condenser. About one hundred and ten cubic centimetres of dis- 
tillate are collected, which requires about an hour. Filter and collect one 
modred cubic centimetres in a graduated flask. Add phcnol-phthalein as 
in indicator, and titrate with decinormal alkali. Increase the result by one- 
enth, and reckon the result upon five grammes of the substance. It is 
bund that two and a half grammes of butter-fat, examined by Reichert's 
lethod, require about thirteen cubic centimetres of the decinormal alkali, 
diile butterine requires only one cubic centimetre. As the difference be- 
feen these is twelve cubic centimetres, it may be calculated that there is 
h per cent, real butter-&t present in a mixture for every cubic centi- 
Mtie of alkali required over the one cubic centimetre required for ordinary 
■ttcniie. 

HAU's method is founded on the fact that the three series of fatty acids 
HMlio^ Miylu^ and tetrolic) unite in different proportions with the halogens, 
ke oUoriiiey bromine, and iodine, to form addition products. The number 
r gnunmes of iodine absorbed is calculated to one hundred grammes of 
l^aod this 18 Hfibl's '' iodine number." Thus genuine butter has an iodine 
■Bfaer fivun 30.5 to 43.0, while oleomargarine has from 50.9 to 54.9. 

Ifbne and Barton * saponify the combined fatty acids, liberate the free 
ad% ivwh out the soluble portion of the mixture, and then saponify again 
IB nlnble and the insoluble acids separatelv. Thev thus combine the 
(MtMor&r and the Hehner pnxx^sses and get a greater certainty as to the 
lllpotBr of the fitt mixture. Thus they find that with butter 86.57 ]X'r 
of poteasium hydrate is required to neutralize the insoluble acids and 
per cent, to neutralize the soluble acids, while with oleomargarine 
per oent. of potassium hydrate is required for the insoluble acids and 
m cent, for the soluble acids. 



toTp 



* Amer. Ghem. Joum., x. p. 322. 
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STATISTICS. 

In the absence of any governmental control of the milk industries no 
tatistics of production representing the entire country can be given except 
>r oleomargarine. 

For butter and cheese consumption accurate figures can be given for the 
mount handled at the port of New York, and from that estimates can 
e made with some approximation to the truth for the country geuerally. 
Tie following figures and estimates for the years named are given on the 
athority of H. R. Chambers, statistician for the New York Mercantile 
i^xchangc. 

The New York market is figured to have fed during the last five years 
in average of one million seven hundred and fifty thousand people yearly. 
The receipts and exports at that port were in packages of fifty pounds each. 

RECEm^. Exports. 



i • » t ^ 



Butter. Cheese. Butter. Cheese. 

1890 1,890,949 1,987,217 373,982 1,496,798 

1889 2,044,448 1,931,015 398,819 1,500,930 

1888 1,097,909 1,993,462 140,993 1,516,614 

1887 1,678,6(K) 1,994,857 188,541 1,460,590 

1886 1,648,220 1,943,260 233,552 1,575,268 

The average receipt yearly, less the average yearly export, will give the 

verage consumption (approximately) of one million seven hundred and 
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fifty thousand people. 1,785,000 — 266,000 = 1,61 9,000 packages of fift? 
pounds each for one million seven hundred and fifty thousand people, or 
forty-three and one-third pounds for each person, a year as the consumptioo 
of butter. 

In rural districts the consumption is much greater and the waste is 
greater, so that an average would bring the personal consumption easily to 
fifty pounds each, which may be reckoned on the population of the country. 
Very little under- or over-production seems to exist, if we estimate the 
great steadiness of price during this period. 

The production of butter and cheese of the State of New York for the 
year 1892 is thus given by the New York State Board of Agriculture in a 
report published in 1894 : 

Pounds. 

Number of butter factories . . 255, in which butter was made . 14,024,019 

Number of cheese " . .1166, ** cheese »* *» .110,605,691 

Number of factories making ) amount of butter in all . . 19,497,857 

both butter and cheese . . . 218 / *' cheese *' . .181,148,810 

The exportation of dairy products from the United States for the last 
few years has been as follows : 

1896. 1897. 1896. 1899. 

Butter (pounds) 19,373,913 31,846,224 25,690,026 20,247,997 

Valued at $2,937,203 $4,493,864 $3,864,765 $8,268,951 

Cheese ( pounds ) 36,777,291 50,944,617 53,167,280 38,198,753 

Valued at $3,091,914 $4,636,063 $4,509,324 $8,316,049 

Oleomargarine butter (pounds) 6,063,699 4,864,351 4,828,536 5,549,322 

Valuwiat $587,269 $472,856 $386,297 $509,708 

Oleo oil (p<. undo 103.276.756 113,506,152 132,579,277 142,390,492 

Valued at $8,087,905 §0,742,061 §7.904,413 $9J83,C59 

TiiG production of oleomargarine in the United States for the last few 
years, according to the returns of the Internal Revenue Dei)artnient, has 
been: 1896, 47,028 J73 |>ounds ; 1897, 42,534,559 pounds; 1898, 55,388,- 
727 pounds; 1899, 80,495,628 pounds. 

The greater (juantity of the " oloo oiP* exported from the United States 
goes to Holland, where it is converted into oleomargarine. The English 
importation of okH^margariue (or " margarine,'' as it is officially known there) 
for the years 1892 and 1893 was as follows : 

1892. 1893 

Quantity, cwt 1,305,350 1,299.970 

Valiu'd at . - £3,712,884 £3,655,344 
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CHAPTER VIII. 

VEGETABLE TEXTILE FIBRES. 

General Oharacters. 

All the fibres which have been found of technical value for manufacturing 
)urpo8es may be divided into the two great classes, vegetable fibres and ani- 
nal fibres, the few found in the mineral kingdom among fibrous minerals 
)eine of relatively slight importance in textile manufacturing. Moreover, 
he distinction is not merely, as the name chosen would indicate, one of 
n^in, but fundamental structural and chemical differences also exist and 
oake themselves evident upon the slightest examination. The vegetable 
ibres are exclusively cell-growths of relatively simple structure, which dur- 
ng their life form int^ral parts of the plant organisms, while the animal 
ibres may be either a hardened secretion like silk or a more complicated 
ell-jrowth like wool, distinguished by its scale-like surface. 

Thus the v^etable fibres are without exception some form of cellulose 
CjH^^Oj), in more or less pure condition or an alteration product of the 
ame, while the animal fibres are composed of protein matter, and hence are 
litrogenous. 

The radical character of their chemical difference just referred to will 
le more thoroughly appreciated when we note the action of reagents upon 
he two classes respectively. The vegetable fibres are not dissolved or 
ireakened by alkalies even at a boiling temperature, while the animal fibres 
IB speedily disintegrated, with eventual liberation of ammonia from the 
litrogenous material ; while, on the other hand, sulphuric or hydrochloric 
dd rapidly causes a disintegration of the v^etable fibres by tbeir action 
ipon the cellulose, and nitric acid either oxidizes the cellulose or gives rise 
nitrated derivatives, while the animal fibres are only slightly affected 
ven when the acids are concentrated. These reactions will be referred to 
ttore fully in speaking of the analytical tests used for distinguishing the 
ibres in mixed goods. (See p. 316.) 

The several vegetable fibres may be classified according to botanical or 
iM>rphological character into three groups: (1) Seed-hairs {filaments com- 
»08ed of individual cells) ; (2) bast fibres (filaments or fibre-bundles made 
p of individual fibre-cells aggregated together) ; and (3) Jibro-vascular 
umUes. Sometimes the term bast fibres is made to include both the second 
nd third classes as just given. 

Chemically, all vegetable fibres are composed of cellulose. However, 
has long been known that it is frequently more or less contaminated with 
tered products, which have been known as lignin, ligno-cellulose, adipo- 
llulose, etc. The recent researches of Messrs. Cross and Bcvan have 
ven us a clear understanding of the nature of the lignin and tlie altera- 
m products of cellulose. The combination of cellulose and lignin, to 
lich they apply the name of bastose, may make up the whole bundle of 
1, as in jute, or may be merely a covering upon the unaltered cellulose, 

18 
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i flatten out. The adhesion of the fibre to the seed also beromes 
It the ripe cotton is easily separated in the gioning process. In 
ies (as in G. Barbadenae) this separation of. hair from the seed is 
Biat the seed shows after the ginning a lustrous black appearance, 
e name locally applied of "black-seed cotton" as distiiiguishwl 
pland variety, known as " green-seed cotton." 




ipe must be picked when mature or it beeonies " over-ri|>e" and 
( The length of the " staple," or fibre, varies considerably with 
it varieties of the cotton, tlie long-stapled sea-island cotton grown 
wee of Georeia and Florida attaining a length of nearly two 
I centimetres), while the short native cotton of India scarcely 
IB~qnartcrs of an inch (eighteen millimetres) in length.* 
py, the cotton fibre contains about ninety-one per cent, of pure 
Ven per cent, of moisture, and small amounts of fat, nitrogen- 
L and cuticular substance. An ammoniacal solution of copper 
J the cellulose material of the fibre to soi^en and swell up, 
■ outicle, which is not softened, takes the appearance of yellow- 

[ rings binding the swollen celhdoee at rt^iilar intervals. 

m of the reagent dissolves the cellulose. When bleached 
nth sodium carbonate or hydrate, the cuticle is decomposed and 
Kb easily a very pure form of ct llulose. 

I— The flax-plant, Linum vs'daiifisimum, yields the Iwst known 
T the most valuable of the bast fibres as well as other products, 

1 oil and linseed cake. (See p. 49.) It is not grown for 

1 together, however, as when the fibre is desired in l>est 

" gathered before it is fully matured, while if the plant 

iDy for pnxluction of seed, the fibre obtained is more 

1 through a wide range of climate, although that 
s in India, is chiefly u.sed for 3ee<l, the fibre being of 
t grown in colder countries, as in the Russian Eaat 
( beat fibre. When tlie plant is cultivated for the 
I either sowed mure thickly or, as in Holland and 

), Strui'tuN of tbe Cottun Fibre, p. lU. 




276 VEGETABLE TEXTILE FIBRES. 

Belgium, forwd to grow up through a net-work of brushwood, thus yield- 
ing a more slender plant with a longer and finer fibre, known as Un ninl. 
The plant is not eut, bnt is always carefully pulled up by the roots, and the 
frealily pulled-np flax is at once submitted to the process of seeding, or 
*' rippling," which is to remove the leaves and seed capsules. Thb is 
usually done by hand, drawing the bundles of the flax tlirongh upriglt 
metallic combs, or " ripples," tiie prongs of ^vhich easily catch the 6«d 
capsules, so that three or four drawings suffice to clean the stems or Iki 
straws. 

This straw, as it is termed, contains in a dried condition seventv-thiw 
or eighty ])er cent, of its weight of woody matter and encrusting matfrial 
and twenty to twenty -seven yter cent, of bast fibre. 

The distinction between the several parts of the stem in the flax ud 
similar plants yielding bast fibres is shown in Fig. 80 by both transverseand 
longitudinal cross-sections, where 1 represents the pith, 2 the woody tissue, 
3 the cambium or partially lignified tissue, 4 the bast fibre, and 5 Uie crust 
or rind. To free tliese several parts of tlie 
stem from each other so as to obtain in a Fio. eo. 

clean state the bast fibre is the object of the 
process of " retting." This is done either 
by natural means, as in the case of deic 
retting and eold-watcr retting, or by the help 
of an artificial pro<ress, as in vann-irater 
retfing and chemical rdtl)ig. The dew ret- 
ting, applitxl mo.«t largely in Kussia, cousipts in leavinfj 
the flax thinly spread exp<jsed to dew and rain, air and 
light, for eiglit or ten wi-eks, when, by the fermentation 
of the (Kvtosc matter of the rind, the Iwist fibre is thor- 
oughly loosi'ned. In ci)ld-wat(rr retting eitlier running or 
stagnant water may !«• used, the former Ix'ing used in 
Belgium and tlie hitter in iR'land. The bundles of flax 
are plai-eil in cnifeH and siilmien^ed, wlien actual fermenta- 
tion ensues. Tlie water must Iw soft water, and cai-e must 
be taken, e>iwi'ially in the slaguaut-water mi'tliod, to prevent undue lift- 
ing up during tlit- lermcutiitinu. The \\arni-waler retting rtfjuiii's a tem- 
iK'i-jture of Jitl" to '■V)° (.'., and can \k- rarricd to completion in firtv to sixty 
houi's, yicldiug an cNcelh lit pnMluct. The ciicmical process ctuLsists in the 
use of dilute sulphuric aiid or hydrochloric acid, which allow of theonn- 
jiletiou of the process in ii few days. Al>er the retting process the Hal 
is well wasluKl and dried, and is then submitted to the mwhanical proiesiW 
of "bi-eakiug," "si'Utdiing," and "hackling" to thoroughly free the fibre 
from the wchhIv laviT and draw out the fill re-bundles into filaments. 

The flax fibre as seen under the niicnJscoi>e seems to \>c a long straifil't 
and trans]>an'nt tube with thick walls and a minute central canal. Fig. ■'<1 
sliows these chai-ai-tei's of the flax fibre. Characteristic transverse markings 
also are slmwu, which may be inwlal divisiuus or slight breaks or wriuklis 

En)du(.'c<l liy licnding. l^mgitudiual fissures also show after vigORtus rul>- 
iiig. The liiii'U libiv whi'U cleauM'd has a blonde or even white cijlor, a line 
silky lustre, and grc;it strength. It is less pliant and elastic than cotton but 
is a bett<.T ccinductor of heat, and lienif seems ci»ldcr than cotton. Cliemi- 
cally it is, like I'ottoii, a [lurc (r]luli>se, but when swollen liv the action of 
Mntuouiacal cupric oxi<le solution diH-s not show the same uniform serii« of 
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ctiog banilH of cuticle. Linen ia in inunv i-esiiectn more readily die- 
crated than cotton, cBpccially under the intluentv of taustic alkalies, 
iiun hydmtc, and strong oxidizing agents like chlorine and hyjMioblu rites. 
3. Hemp. — The fibre known by this name is the product of the Can- 
'it taliea, which is gro\vn for textile purposes chiefly in Russia and Italy, 
ile the seed is grown in India. It is a bast fibre similar to tliat of the 
;-|)lant, hut coareer, stronger, of deeper color and less lustre. Fig. S2 
i*s the microseijpiL'ul charactoi's of tliu hemp fibi-e. Its cultivation is verv 




that already destTibeti under flax, and differs a«x)rding as the fibre 
he seed are sought. The freshly-plucked hemp loses sixty per cent, of 
%i^ht in drying, and from the air-dried hemp straw twenty per cent, of 
fibre Is obtained in the case of the male plant and twenty-two per 
. in the case of the female plant It is used chiefly for ro])ea and cord- 
and the fabric woven from it, known as canvas, is used in sail-making. 
Ji of the finer fibre, however, is combined with linen fibre in weaving 
r goods. The iodine and sulphuric acid test shows that the hemp 
( IB not composed of pure cellulose, but is a mixture of cellulose and 
ase. 

1. Jute is the bast fibre of two species of the genus Cbrc/iorjia, and is 
m chiefly in India and Ceylon. Tlie fibre is separated from the plant by 
lods similar to those employed witli flax and hemp, the process of v6\'d 
ag in stagnant water being followed generally. The bast fibres attain a 
th of 2.5 metres or even more, are of a yellowish -white color, and have a 
lustre. It is seen imder the microscope to consist of bundles of stifiF 
OU8 cylinders with walls of very irregular thickness. These characters 

■« arc shown in Fig. 83. Chemically, jute differs from the bast fibres 
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Fig 85, 



agave grown in Yuc&tan, British Honduras, and the West Indies and 
hamas. It is used largelyin the United States as a substitute for Jute in 
Dianu&cture of baling and for cordage, being stronger and lighter 
in jute. 

Sanue fibre {OtiiMrgrata). — The bast fibre from two varieties oi Boehm- 
I mvea, known in India as Rhea, in the Malay Archipelago as Ramie, 
1 to Europeans as China-grass, has in recent years attracted very favor- 
e attention from all interested in textile industries. It seems to thrive 
t in the tropics and requires a great deal of moisture. The bast fibre 
mat be removed from the woody stems by the retting process used for 
[ and hemp, as the intercellular substance is so easily decomposed that the 
ter retting rapidly resolves the fibre into a magma of separated cells. 
e fibre must be removed from the woody stem while the plants are in 
: green state, as when dried even for several hours' exposure to the 
1 the fibre becomes difficult to remove from the woody portion. The 
eth of the cells makes it possible to cut the ramie fibre into short lengths 
1 to treat the cleansed fibre like cotton rather than like a long bast fibre. 
mce the name " cottonized" ramie which has been applied to that ex- 
rted from China. With improved methods it is found possible to cleanse 
Id full lengths, and the fibre is worked like flax rather than with cotton- 
iiming machinery. The machines for breaking and decorticating the 
ramie are numerous, but few if 
any are entirely satisfactory. The 
properly-prepared fibre is of fine 
silky lustre, soft, and extraordi- 
narily strong. It is undoubtedly 
the most perfect of all the vege- 
table fibres, and will play a great 
part in the industries of the fu- 
ture, especially as the plant, being 
a perennial, can be grown con- 
tinuously for years, spreading of 
itself very rapidly and yielding 
several crops yearly. Its culti- 
vation has been begun success- 
fully in Louisiana and Missis- 
sippi, and it can probably be 
extended tlirough the Southern 
States and Mexico, where it has 
also been tried. The iodine and 
sulphuric acid test shows the ramie 
fibre to be composed of a pure 
cellulose, which swells easily and 
voluminously when treated with 
ammoniacal solution of cnprio 
!e. The appearance of the China-grass is shown in Fig. 85. 
Ndtie Fibre. — The bast fibres of the common nettle ( Urtica dloica) were 
ne time prior to the development of the cotton industry used extensively 
pinning and weaving on tiiu Continent of Europe, the cloth made being 
wn as grass-cloth, the name now given to the pn)duct of the China- 
is, or ramie. The fibre when cleansed is sof\, of gotxl length and strength, 
quite lustrous and white. The bast fibres of the linden ( Tilia Europ(ea) 
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and of the paper-mulbcrry-tree (Broussondia papyrifera) are also used, the 
former for the manufov'ture of mats in Russia and the latter by the paper- 
makers of China and Japan. 

New Zeciland FUix is a fibre obtained from the leaves of Phormium 
tenaxy which acquires a length of one to two metres. The fibre as prepared 
by hand-scraping, the method of the native Maoris, is soft, white, and of 
silky lustre ; as prepared by machinery it is distinctly inferior in character. 
Its chief value is for rope-making and for coarse textiles. The rope made 
from this fibre is, however, weakened when wet by sea-water, and therefore 
must be kept well oiled. 

Pineapple Fibre, — The leaves of the several varieties of Bromelia yield 
a fine, nearly colorless, fibre, which is worked, especially in Brazil, for the 
manufacture of the so-called " silk-grass." 

Esparto. — This is a grass, cultivated especially in North Africa and 
Spain, where ropes and coi'dage are made from it Its chief use, however, 
is in connection with pa})er-making. (See p. 282.) 

Cocoa-nut Fibre (Coir). — The coarse fibrous covering of the nut of the 
coco palm is largely used for brooms, brushes, matting, and coarse carpet- 
ing. The fibre is coarse, stiff, very elastic, round, and smooth like hair. 
It also lias great tenacity, and is well adapted for cordage. 

The classification of the vegetable fibres just enumerated has already 
been made upon the basis of the iodine and sulphuric acid reaction accord- 
ing to V^tillart. Two groups were thus established, the one composed 
essentially of unaltered cellulose and the other of lignified cellulose bastose. 
Other reactions for these two classes of materials are given in the isnccom- 
jmnying table from O. Witt :* 



Reagent. 


Cellulose. 


Bastose (compound of cellulose with 
lignin). 


Iodine and sulphuric acid. 
Sulphate of aniline with 

free sulphuric acid. 
BjLsic aniline dyes. 
Weak oxidizing agents. 
Amnion iacal cupric oxide. 


Pn>duc(?? l)lue color. 
Inditierent. 

Indifferent. 
Indifferent. 
Immediate solution. 


Produces a vellow or brown color. 
Colors deep yellow. 

Produces fast colors. 

Rapid disintegration. 

Swelling up, blue ojlor, and slow 

solution. 

1 
J 



To clistin<ruish the sevci-al more imjx)rtant vegetable fibres from each 
other when admixed, a number of chemical and physical tests have been 
proposed in addition to the microscopical study of the structural diflerences 
already mentioned under the individual fibres. 

Thus, according to Kindt's test, the presence of cotton fibre in linen 
goods can be distinji:uislied, after fii*st removing the size or dressing by 
thorough boiling with distilled water and drying again, by dipping them 
from one-half to two minutes, according to the texture of the goods, in 
concentrated sulphuric acid. They are then well washed with water, 
rubbed, dipptxl for a moment in ammonia- water, and dried. The cotton 
fibre is eitlier dis.solvcd or g(^latinized and removed by the rubbing, while 
the linen fibre remains unchanged or but slightly attacked. By counting 
the flax fibres remaining for a given su|)erficial area the relative proportion 
'f cotton admixture can l)e determineil. 



* Chem. Technologic der Gespinnstfasern, p. 111. 
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The different effect of strong caustic potash solution upon cotton and 
len fibres is also taken as decisive at times, ahbough the difference is not 

marked. Both kinds of fibres shrink in size, the cotton fibres remain 
litish or grayish yellow, while the linen fibres are colored deep yellow or 
ange. 

A very characteristic test is that given by Boettger. A piece of the mixed 
ods frayed out in three sides is first dipped in a one per cent, solution of 
chsine, then taken out, washed in running water until this runs off clear^ 
d dipped in ammonia-water for from one to three minutes. The cotton 
>re is quickly decolorized, while the linen fibre remains bright rose-red in 
lor. A test easily applied and satisfactory is the oil test, but it is only 
►plicable to white goods which are free from size. The well-dried sample 
dipped into olive oil, and then well pressed. The linen fibres become 
anslucent from the capillary action upon the oil, while the cotton fibres 
main white and dull in appearance. 

An aicoholic cochineal solution (one part of powdered dyestuff digested 
ith twenty parts of alcohol of .847 specific gravity for twenty-four hours) 
also recommended by Bolley. Cotton fibres take a clear red color in this 
Jution, while linen fibres are colored violet. 

A special test to distinguish the fibre of the Phormium tenax (New Zea- 
nd flax) from linen or hemp is given by Vincent. It is in me use of 
moentrated nitric acid, which colors the New Zealand flax distinctly red^ 
at does not change the other fibres mentioned. (For tests to distinguish 
le vegetable fibres as a class from the animal fibres, see p. 273.^ 

The use of the microscope, however, is much the most reliable means of 
istinguishing the several fibres when occurring in admixtures, as the struct- 
pal character are sufficiently distinct to allow of easy recognition to those 
)ssessed of some practice. 

^DUSTRIES BASED UPON THE UTILIZATION OF VEGETABLE 

FIBRES. 

The great utilization of these fibres is of course in the manufacture of 
xtile fabrics of all grades. Having described the fibres which constitute 
e raw materials of these industries, we shall pass the mechanical side of 
eir treatment and shall note the chemical processes of bleaching, dyeing, 
id color-printing in a later section of the work (see p. 472), after the 
^paration of natural and artificial dye-colors has been described. Other 
dustrics based upon utilization of some one or more of the vegetable 
)res are Paper-making j Pyroxylin and Gun-cotton^ CoUodiony Celluloid, and 
oiilar products. 

A. PAPER-MAKING- 

I. Raw Materials. 

1. Rags. — ^The first in order of use for paper-making and still the most 
iportant raw materials for the finer grades of paper are linen and cotton 
gs. As the cellulose of these rags has already undergone a process of 
irifying from the coloring and incrusting matter with which it was first 
iociated in nature in its preparation for manufacture into textile fabrics^ 
is well adapted for use in paper-making, the basis of which is also a 
lulose fibre. Of course, the rags may be of all grades of cleanliness, 
ley may be cuttings obtained in the course of manufacture of garments^ 
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and being unworn may be relatively clean, or they may be fragments of 
ca8t-off wearing apparel gathered from waste-heaps and reeking with filth. 
Indeed, so great is the demand for paper-making stock that rags are gath- 
ered from Japan, Egypt, and all jiarts of the world, and the bales generally 
require careful disinfection before they can be used. They may contain 
sizing and China clay and other loading materials, or they may be colored 
with various dyes and metallic salts. Rags considered as paper-making 
stock must therefore be assorted, and for trade purposes they are d\y\M 
into a large number of grades or classes distinguishea by different lettere. 

Linen rags are distinctly superior for paper-making to cott4>n rags, as 
they make a stronger and more durable paper. 

2. Esparto. — This grass, mentioned under the vegetable fibres (see p. 
280), is of great importance as a iiaper-making material, particularly in 
England. The Spanish variety, according to Hugo Muller, contains 48.25 
per cent, and the African variety 45.80 per cent, of cellulose, but the jneld 
of bleached fibre obtained in practice probably does not much exceed fort}* 
per cent. The fibre is tough and it makes an excellent paper, whether used 
singly or in admixture with other materials. 

3. Straw. — As a material for admixing with other fibres, straw-pulp 
is largely used. The varieties of straw so utilized are oat, wheat, r}'e, and 
barley. Of these, rye is the most suitable on account of its yielding the 
largest amount of fibre, and next in value is wheat. The amount of cellu- 
lose in winter rye is given by Hugo Muller as 47.69 per cent and in win- 
ter wheat as 46.60 per cent., but probably not more than thirty-five per 
cent, is ac^tually obtained as pulp, nuich being lost in the treatment on 
acHM)iint ol* the loose agji;rogation of the cellular tissue. Straw wntaiiis 
more silica than Esparto, and hence reijuires more soda in the after-treatment 
to free the cellulose and adapt it for use. 

4. JuTK. — The ** butts'' or **cuttino:s" rejected by the textile manufac- 
turer are largely used in the manufacture of the ci>mmon grades of jwixr. 
It possesses a large [HMX'entatj:e of cellulose (63.76 |)er a^nt. in the Ix^st tibre 
and 60.(S1) j^K^r cent, in the ** butts''), but it cannot be economically bleached 
to a white color. 

o. Manila Hemp. — This is very like jute in its adaptability forch(|ap 
and colonel pajHTs, and as the fibre is a lignified i^ellulosi^ it retjuires euiisid- 
erahle boiling with soda to prepare it for use. 

6. Wood Fiijhk. — Two varieties of pulp for pa|)er-niaking may be 
obtained from wo<k1, — viz., nieclianicjilly and chemically prepareil pulp. 
Of these, the mcvhanical wcwxl-pulp obtained by shredding the wood servt's 
for the inferior jthkIcs of paj)er only as its tibivs are too short and Jo 
not ** felt" or interlace sutticiently. It can therefore be used only as a 
filling material. Mor(M)v<n', the resin present rt»sists strongly the actiuiu'i 
bleaching a<;ents, and the ]>a]H'r bcH'omes yellowish after a time. Ou the 
other hand, what is tornu^d chemical wo(Kl-pulp has met with great favor as 
a verv i)ure and easily obtainable form of cellulose. Two main i)rcK\'s?t'S l<>r 
^^^ pr(Hluction arc now in us(», the caustic smla pnxx^ss and the bisulplnte 
pnH'css. In the former, the wood <'hopjMxl up and crushed is iMuletl unJ''^ 
pressure with caustic s(Kla. This is cither done in cylindrical Uuler? iit 
pressures varyin«r from four atin(>sphcrcs (sixty pounds), as fii-st usi^i by 
»Vatt and Burgess, to fourteen atinosplK^'cs (two hundreil and ten ix)Uiui*)' 

^cd bv Sinclair, or bv Unirercr's <rraduatiMl metluKl in a si^ries of nine 
^ vessels, using low pressures and i)artly saturated lyes upon tue 
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fresh wood and increasing the pressure and using fresher lyes upon the 
partiy-converted wood. From eighty to ninety per cent, of the soda used 
IS reoovered again from tlie washings. The alkali process is, however, 
being gradually displaced by the bisulphite process. As firet projx)sed by 
Mitseherlich, acid calcium sulphite was used. The temperature is brought 
gradually to 118° C, which is not exceeded, the pressure being from two to 
three atmospheres. In Ekman's process acid magnesium sulphite is used, 
and a pressure of from five and a naif to six atmospheres is attained. Still 
another process is that of Franke, which uses bisulphite of lime again. 
Cross and Bevan explain the efficacy of the bisulphite processes by saying, 
" The chief agency is the hydrolytic action of sulphurous acid, aided by the 
conditions of high temperature and pressure ; and the subsidiary agencies 
are, (1) the prevention of oxidation; (2) the removal from the sphere of 
action of the soluble products of resolution in combination with the sulphite 
as a double compound, for it is to the class of aldehydes that we have shown 
that the non-cellulosic constituents of wood belong ; and (3) the removal of 
a portion of the constituents in combination \vith the base, — /.6., with expul- 
sion of sulphurous acid." The several bisulphite processes, as compared with 
the ones mentioned previously, yield a larger amount of pure fibre ; they 
preserve its original strength, which is not done when caustic soda acts upon 
tlie loosened fibre under pressure, and there is a greater economy of chemicals. 
7. Paper-mulberry. — In China and Japan, where the paper-makers 
excel the best European workmen in the making of some delicate but strong 
papers, the material chiefly used is the inner bark of the paper-mulberry- 
tree {Broussonetia papyri/era), the leaves of which can be used in feeding 
silk-worms. The strength of this paper is due to the fact that in making 
the pulp the long bast-cells are not broken and torn as in European pulp- 
ing-machines, but merely softened and separated by beating. In taking up 
the pulp in the mould the cells are made to lie in one direction, and the 
paper may be strengthened by taking one or more dips in which the cells 
are made to lie in other directions. Some gum is added to make the cells 
of the pulp adhere. 

n. Processes of Treatment. 

1. Mechanical Preparation of the Paper-making Material. 
— ^This differs, of course, according as the raw material is composed of rags, 
Esparto, straw, or other cellulose-containing substance. With rags, a pre- 
liminary sorting always takes place, more or less complete according to the 
make-up of the bales. Numerous commercial designations are in use for 
these different grades so obtained. We need only speak of white linen, 
blue or gray linen, white cotton, colored linen or cotton, sacking, half wool, 
etc. They are then cut into coarse fragments by hand, l)eing {xissed rapidly 
over broad knives fixed at a set angle in tables, and all buttons and hard 
substances removed. A thorough dusting or " tlirashing" is now necessary 
to remove the dust and detachable dirt. This is effected in large N\x)oden 
boxes with revolving arms. A more thorough cutting now ensues with the 
aid of revolving knives, followed in most cases by a final and thorough 
dusting, so as to eliminate as much dirt as possible and save in the amount 
of boiling necessary as the next o[x?ratioti. 

With Esparto a mechanical sorting or " picking" is also the fii^st oixjra- 
tion. The grass is spread out on tables and the weeds, root-ends, etc., care- 
fully removed, as these would be difficult to boil and bleach and would give 
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de of the mid-feather. On the inclined part of the floor and im- 
ly in front of the bed-plate a small depression is made at E, covered 
I iron grating, for the purpose of catching buttons, small pieces of 
nd other foreign substances that may have found their way into the 
other paper stock. The dirty water from the rags is removed by the 
■waaho^' R R. The ends of the drums are of wood, and the circum- 
with fine copper or brass wire-clotb. The wash-water 




through the wire-cloth into the compartment shown in Ry and 
towards the narrower end of the inner conical tub, flows out through 
of the drum into a trough jtlaced to receive it. 
washing the rags In this machine, the tub is partly filled with water, 
1 from tlie boiler dumped iu, and the operation begun. The action 
roll thoroughly mixes ifulp and water and sweeps the rags up the 
and over the back-fall A'. The dirty water then passes away 
I the drum-washer, the 8uj)ply of pure water being so regulated as 
' the level constant. When tiie water begins to run off dear the 
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supply is stopped, the washer still being kept in action, 
tlie drum is lowered by means of the handle h. When 
the pulp \a dischargMl through 

the valves C C in the bottom of Fio. 

the washer. It is now ready to 
be bleached. This may be (lone 
in the washer itself or in separate 
engines railed "potchers." If 
done in the washer, a solution of 
bleaehin^-powder is run in after 
the withdrawal of the wash-water 
and the action of the roll con- 
tinued. 

Eaparto ia generally washed 
in exactly the same way as that 
juBt described for rags, but in 
some mills the gratis is washed 
in a series of connected lixivia- 
ting tanks like those used in al- 
kali-works. Pure water flows 
in at one end, passes tiirough 
fresh lots of grass in succession, 
and issues at the farther end 
highly chained with the soluble 
products of the grass. The 
washed and broken pulp now 
goes by tlic name of " half-stuff." 

4, Bleaching. — This is 
done with the aid of chlorine or 
a soluiion of calcium or sodium 
hypochlorite. The use of chlo- 
rine gas, once largely practised, 
has been almost entirely super- 
seded by the hypochlorite solu- 
tions, as chlorine is liable to form 
difficultly removable compounds, 
and it also tends to attack and 
weaken the fibre of the pulp. 
When chlorine is used, 2.5 to 5 
kilos, of salt are taken as needed 
for 100 kilos, of " half-stuff." 

The solution of calcium hypo- 
chlorite must be used wrfectly 
clear and free from uudissolveil 
hydrate or carbonate. A solution 
of 6° Twaddle, which contains 
about half a |)ound of bleaching- 
powder to the gallon, is com- 
monly used. An addition of hy- 
■'■Mchloric or sulphuric acid to 

'eaching-liquor is sometimes made, but this must 
■ liberate chlorine instead of hypochlorous acid. 



As the level Iklli 
sufficiently draina 
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free chlorine is greater when highly lignified fibres, such as wood or jute, 
arc used. The bleaching is often effected by combining a preliminary treat- 
ment in the " potcher" or washer with a subsequent prolonged steeping in 
tanks. A procc»ss has been recently pro}K)sed by Professor Lunge involving 
the use of acetic acid. The quantity required is very small, as during the 
process of bleaching it becomes regenerated. Any free lime in the solution 
IS first nearly neutralized with a cheaper acid, such as hydrochloric or sul- 
phuric acid, followed by the addition of the acetic acid. The process is 
said by Cross and Bevan to give excellent results with high-class material, 
such as the best cotton and linen rags, but is not to be recommended for 
materials like straw or Esi>arto. 

A process invented by Thompson is also said to be verj' effective for tlie 
bleaching of rags. It consists in saturating the material with a weak solu- 
tion of bleach ing-powder and then exposing them to the action of carbonic 
acid gas. The bleaching action is thus made very rapid and effective. 

()ne of the most recent innovations in bleaching is the application of 
electricity in this connection. The only process that has yet attracted much 
attention is that of M. Hermite. It is thus described by Cross and Bevan:* 
*' This process is based upon the electrolysis of a solution of magnesium 
chloride, this sidt having lx?en found to give the most economical results. 
The solution, at a strength of about 2.5 j^er cent, of the anhydrous salt 
(MgClj), is electrolyzed until it contains the equivalent of about three grammes 
of chlorine jx^r liti^e. This solution is then run into the ^ potcher' con- 
taining the pulp to Ixj bleached ; a continuous stream is then kept up, the 
excess being n^movtnl by means of a drum-washer. This excess, which, 
after bein^ in contact with the })ulp in the engine, is more or less deprived 
of its bleaching properties, is then returned to the elei^troly zing- vat, where 
it is again brought up to normal strength. The elec^trolyzeil solution lias 
been found to possess very remarkable projwrties which have (^)nsideral)le 
iH'aring upon the economy of the process. If a solution Ix^ taken of e(|ual 
oxidizing efficiency with one ol' calcium hypochlorite, as indicated bv tlie 
arsenious acid test, it is found that the former j)ossesses greater bieaching 
efficiency than the latter in the proj)ortion of five to three. Moreover, the 
bleaching is much more rapid and the loss of weight which the substana^ 
undergo is less for e({ual degrees of whiteness obtaineil.'' Further details 
of this ])rocess will be found in the article by Cross and Bevan in the 
** Journal of the Society of Chemical Industry," for April, 1887. 

The removal of any exc(»ss of chlorine or bleaching-liquor must now 
be looked to. This is done either bv careful washing: or bv the use of an 
^'antichlor." The first niethml has the advantage of not only n»ni(»vnm 
the bleach but also of the chloride of calcium which has lx>en formed fnmi 
it. It, however, takes some time and consumes a large amount of water. 
Much more general is the use of an ** antichlor." The commonest of these 
is sodium thiosulphate (or hyposulphite, as it is commonly calltHl). Tlii;^ i^ 
ordinarily (Icoompos(Hl ac<'onlino: to the reaction 2(Ca(C10)2) 4- Na^SPsT 
H20=2Cn8C)^-f-2HCl + 2\aCl, but when the solutions are very dilute, 
sodium tetnif iiionate, NaoSjO,-, and caustic s<xla and lime are formal. For 
the first eqiui \\o\\ two hundred and forty-eight ])arts of commercial thiosul- 
phate nre mi uirixl to neutralize four hundred and nine }>arts of bleaehin^- 
'der of f/^-^irtv-five per ecnit. available chlorine strength. The various 
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« :tt 



PROCESSES OF TREATMENT. 289 

phites are also in use as antichlors, sodium sulphite being the most im- 
rtant. A cheap antichlor is also made by boiling together lime and 
[phur, the resultant calcium sulphide solution containing a mixture of 
Icium thiosulphate and calcium pentasulphide. This last-mentioned 
sparation is, however, objectionable on account of the free sulphur 
rmed, as tiiis aflFects the pulp injuriously. Whatever antichlor is used, 
i excess should be avoided, as it may act upon the color or size added sub- 
quently. . The antichlor should therefore be added in successive small 
)rtions, and any hypochlorite solution still remaining be tested for from 
me to time with iodide of starch paper, which will be turned blue as long 
J hypochlorite remains. 

5. Beating. — The bleached pulp, or " half-stuff,'* is not yet in condi- 
on for making an even paper, as the fibre has not been sufficiently disinte- 
rated. This is now effected in the beating-engine, which is a hollander 
ery similar to the breaker already illustrated, except that the roll carries 
lore knives and it is usually let down much nearer the bed-plate. The 
alf-stuff is furnished in successive portions to the beater previously par- 
ially filled with water, each successive portion being allowed to mix thor- 
ughly with the water before another lot is added. This is continued until 
le mass is so thick that it will only just turn round under the action of the 
)11. The operation of beating is designed to be a more complete breaking 
p tearing apart of the fibres rather than a cutting, as this latter result 
ould interfere with the felting of the fibres so necessary in paper-making, 
otton and linen rags naturally take longer than most other paper-making 
aterial, taking often as much as ten hours ; wood-pulp requires to be very 
tatly and slowly beaten, so that it requires some six hours ; while Esparto 
sufficiently disintegrated in from two to four hours. In making the finer 
ades of paper, the roller bars or knives instead of being made of steel 
e made of bronze, so that contamination with oxide of iron is avoided. 

Beaters of a totally different form of construction are also largely in 
2. Thus, in the Jordan beater the roll is in the shape of a truncated 
ae, fitted with knives and revolving in an iron box of corresponding 
ipe, and also fitted with knives set at an angle. In the Kingsland en- 
le and the Gould engine a circular plate furnished with knives revolves 
Gunst one or more stationary plates similarly fitted, somewhat after the 
Loner of millstones. The half-stuff is even more thoroughly disint^rated 
these beaters than in the ordinary forms. 

6. Loading, Sizing, Coloring, etc. — Except in the very finest 
pers, some mineral-loading material is incorporated with pulp when in 
i b^ter. This is, of course, in the main for cheapening purposes, but 
o serves the useful purpose of filling the pores of the paper and enabling 
to take a better surface in the subsequent operations of calendering. Such 
iding materials are China clay, or kaolin, sulphate of lime, or " pearl 
pdening,'' barium sulphate, precipitated chalk, bauxite, precipitated mag- 
sia, and magnesium silicate, or " agalite." The amount added varies from 
o to three per cent, to twenty per cent., or in rare cases even more. 

All papers except blotting-papers have also to be sized. This is for the 
irpose oi filling the pores with some material that will, to some degree at 
ist, resist the action of water. Thus, all writing-papers, and in general 
inting-papers also, are sized to prevent the ink applied to them from run- 
ig. This is done either by what is termed " engine-sizing'' — ^that is, in 
5 beating-engine itself — or by " tub-sizing," when the paper as it goes 

19 



292 VEGETABLE TEXTILE FIBRES. 

in use, in which a large drum or cylinder covered with wire-cloth revolves in 
the vat (containing the pulp. As it revolves the fibres attach themselves to 
the wire and the water is sucked through the meshes by a partial vacuum 
within. The sheet of paper thus formed is taken on to an endless felt pas- 
ing over a couch-roll, which revolves in contact with the hollow dram, and 
thence passes to a large drying cylinder heated by steam. Paper made on 
such a machine is weaker, however, than that made on the Foimlrinier, 
because it has not been found possible to give the shaking motion to the 
cylinder necessary to produce the felting of the fibres. 

m. Products. 

The products are almost without number, and vary not only in different 
countries, but even locally from time to time as different mills change their 
production. We will therefore attempt only a general classification of the 
main varieties. 

1. Blotting- and Tissue-paper. — ^These are unsized papers. Blot- 
ting-paper is a mass of loosely-felted fibres, which, however, is free from 
any loading or filling material, and therefore is capable of easily and quickly 
taking up water or other liquids. It may be white, gray, or colored to any 
shade by the addition of the proper dyes. Tissue-papers, which as the 
name indicates are the thinnest of all papers, are made from ver}- strong 
fibres, such as that of hemp-bagging and cotton canvas, and on machines 
somewhat different from the ordinary Fourdrinier. 

2. WKAPPiNG-PAPEits. — These are- jiartially-sized paj>ers of c<xir>5e 
materials, such as stmw, jute, Manila hemp, common rags, etc. Thev may 
show the natural color of the materials or niav he colored, as in the case of 
the blue wrapping-paper commonly used for packing sugar. A more stroiipy 
sized and calendered wrapping-paper is made for use wi'th linens and other 
textile goods. 

3. Ppjnting-papers. — These are white paj)ers, generally wnth filling 
and sizing material, although some sj)ecial grades are given a smooth sur- 
face by calendering instead of sizing. The cheaj)er grades for ne\vsi>aper 
use are frtKiuently largely adulterated with filling material, and mechanical 
wood-pulp is also largely used in their manufacture. 

4. Writing-papers. — Those are thoroughly-sized papers, for which the 
best materials are generally used, linen rags alone being taken for the finer 
grades. 

T). Cardboard, Pasteboard, and Papier-machI^:. — Pastelx»ard may 
be made by pressing a nnmlxT of sheets of freshly-formed unsized paper in 
powerful presses, or cementing them together by the use of glue or other 
cementing material, and then pressing the mass so formed. Cardl)oard i? 
made direct uj)on machines adapted for heavy layers of pulp and pn^l 
and calendered like similar grades of oixlinaiy paper. Papier-macho \^ 
made chiefly from old paper by boiling to a pulp with water, pressing, mix- 
ing with glue or starch ])ast(^ and then pressing in moulds previously oiled. 
Aiicr drvinff, the articles are soakeil with linseed oil and then dried at 
higher temperature. 

Parchment-pai»er. — If a jMire unsized paper hi^ dipped in sulphurie 

acid of 60° B. a portion of the cellulose is changwl into (imyfoid (hydro- 

41ulose, according to Girard), which forms a gelatinous coating over the 

Jlen fibres and effects in some degree a sizing of them. The pai)er k 
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aade hereby translucent and parchment-like, the strength is increased 
ipom three to fourfold, and the specific gravity by perhaps forty per cent. 
'^r Ae manufacture of this parchment- paper the long-fibml, unfilled paper 
i to be chosen. After treatment the paper is quickly washed, first with 
rater, then with weak ammonia, and again with water. 

In place of sulphuric acid we have the treatment with ammoniacal 
uprous oxide solution or zinc chloride. The former reagent furnishes the 
W\Ue»den ware, which always retains the light blue-green color ; the latter 
ieldsthe valuable product known as indurcUed or hard fibre. In preparing 
hi8 latter material the paper, which is either unsized or prepared with a 
osin size and then nearly dried, is dipped or run while in the roll through 

bath of zinc chloride of about 65® to 70° B. kept at a temperature of 
bout 38° C. After passing through the zinc chloride bath, the paper is 
ossed over hot rolls and then cooled and washed in pure water to remove 
II excess of zinc chloride or rosin size. It is then dried in a heated room, 
iven a coating of paraffine oil, and calendered. The material so obtained 

very strong, tough, and can be washed. 

6. Side-products. — Recovered Soda. — The alkaline liquors in which 
igs, esparto, and other paper-making material have been boiled were at 
le time run off as waste products. This is no longer done in properly 
nducted mills, as the alkali used can be recovered in the form of carbon- 
e by evajwration of the waste-liquor and ignition of the residues, and this 
rbonate can then be causticized and fitted for renewed use. The soda 
iring tlie process of boiling with the paper-making materials takes up a 
■ge amount of non-cellulose fibre constituents, such as resin, coloring mat- 
•, and silica. These on evajwration and ignition become either carbonate 

silicate. It will not be possible for us here to describe the forms of 
aporators in use for this soda recovery. One of the best-known evapora- 
^ is that of Porion, used largely in England and on the Continent. For 
lescription of this and other forms, see Cross and Bevan's " Text-book of 
iper-Making," p. 182. The Yaryan multiple-effect evaporator (see p. 131) 
also being introduced for concentration of the spent liquors. 

The recovered soda consists essentially of carbonate of soda, together 
th a ceitain amount of silicate of soda if the liquor had been obtained by 
iling straw or £spai*to. The causticizing is done in the usual way with 
istic lime and the clear alkali decanted from the separated calcium car- 
nate, which is then thoroughly washed. 

IV. Analytical Tests and Methods. 

1. Determination of the Nature of the Fibre. — ^This may be 
ne in part, if not wholly, by either of two methods, — viz., by the aid of 
J microscoi)e or by the use of chemical tests for individual fibi'es. The 
re is always torn or cut and often somewhat attacked. By some practice, 
wever, it is possible to distinguish between cotton and linen or to identify 
til in admixture. Wood and straw can also be identified. In making 
!se tests, it is best to take strips of the i>aper in question and boil them in 
!cession with alcoholic potash solution, with water, with two per cent, 
clrochloric acid, and then again with water. If they are now shaken up 
th a little warm water, we obtain a fine magma of fibres, which when 
xed with an equal volume of glycerine is well adapted for examination 
ier the microscope. The distinctive characters of some of the chief 



RAW MATERIALS. 295 

jtton fibres. This property depends upon the fact that in mechanical 
'ood-pulp lignoK^Ilulose remains, and to this composition is due the re- 
udng power upon gold solutions. This ligno-cellulose is destroyed in the 
reparation of chemical wood-pulp, and docs not exist at all in the linen or 
jtton fibre. It has been found that on the avei-age one hundred parts of 
lechanical wood-pulp, extracted with solvents and dried at 100° C, will 
jduce fourteen thousand two hundred and eighty-five grammes of gold. It 
I thus made possible by weighing the reduced gold to estimate the amount 
r mechanical wood entering into the composition of the paper. For details 
f the analytical method based upon this gold reaction, see Bolley's " Hand- 
uch der Technisch-Chem. Untersuchungen," 6te Auf., p. 1007. 

2. Determination op the Nature of Loading Materials. — ^The 
)ta] amount of the mineral-loading material is determined by igniting a 
eighed quantity of the paper until the ash is white or grayish and then 
xurately weighing this. The ash from a paper containing the China clay is 
isoliible in boiling dilute hydrochloric acicl ; that from paper containing cal- 
um sulphate is soluble, and deposits on standing needle-shaped crystals of 
ypsum easily recognizable by chemical tests. 

3. Determination as to Nature of the Sizing MATERiAii5. — 
he iodine test serves to indicate the use of starch in the size, as it produces 
le well-known blue color. Extraction of the paper with alcohol contain- 
ig a few drops of acetic acid serves to show the resin used in the size. The 
cohol, after cooling, is poured into four or five times its bulk of water, 
hen the resin separates, producing cloudiness or turbidity. Or, after ex- 
■action, the alcohol is evaporated, leaving the resin capable of being identi- 
ed by its properties. Notable quantities of alumina in the ash also point 
• the use of resinate of alumina as sizing material. According to Wurster, 

between two sheets of paper which have been sized with resin is pressed 
iper moistened with tetramethylparaphenylen-diamine solution, a bluish- 
olet color is produced, while paper free from resin is not affected. Boil- 
g of the paper sample with distilled water, filtering, and adding a few 
t)p8 of tannic acid solution will serve to show the presence of gelatine 
ring. If present, a white curdy precipitate is formed on the addition of 
e tannic acid. 

4. Determination of the Nature of the Coloring Material. 
In deciding as to the presence of coloring matter, we must bear in mind 
p reactions of the commoner pigments used. Ultramarine is destroyed 
d decolorized on addition of acids ; Prussian blue is decolorized by heat- 
5 with alkalies ; indigo is decomposed by heating with chlorine or nitric 
id ; smalt withstands the action of both acids and alkalies and remains in 
3 ash as a blue glass ; the aniline colors are capable of extraction with 
»hol as solvent. 

B, GUN-COTTON, PYROXYLINE, COLLODION, AND CELLULOID. 

I. Raw Materials. 

The basis of these preparations is the class of nitrates formed from cellu- 
e by the action of nitric acid, either taken singly or admixed with strong 
phuric acid, or as developed by the action of sulphuric acid upon a 
rate. Using the doubled formula CijHjoOio, we may note the following 
3 stages of nitration : 

HexanUrate, Ci2H,404(N03)g (trinitro-cellulose, C^H^1^02)fii, of other 
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writers), is the true gun-cotton. It is formed by the action of a mixture 
of the strongest nitric acid (specific gravity 1.52) with two or three parts of 
concentrated sulphuric acid, in which the cotton is immersed for twent}- 
four hours at a temperature not exceeding 10® C. (56° F.). The hexa- 
nitrate so prepared is insoluble in alcohol, ether, or a mixture of both, in 
glacial acetic acid or in methyl alcohol. Acetone dissolves it very slowly. 
According to Eder, the mixtures of nitre and sulphuric acid do not give 
this nitrate. 

Poitanitratey Ci2Hi505(X03)a. It is difficult, if not impossible, to pre- 
pare this nitrate in a state of purity by the direct action of the acid upon 
cellulose. The best method (that of Eder) is to dissolve gun-cotton (kxa- 
nitrate) in nitric acnd at about 80° to 90° C. (176° to 194° F.) and then 
precipitate as j)entanitrate by concentrated sulphuric acid after cooling to 0° 
C. ; after mixing with a larger volume of water and washing the precipitate 
with water and then with alcohol, it is dissolved in ether-alcohol and again 
precipitated with water, when it is obtained pure. This nitrate is insoluble 
m alcohol, but dissolves readily in ether-alcohol and slightly in acetic acid 
Strong potash solution converts this nitrate into thediniti^ite, Ci2H,aO,(X0jV 

The tetranitrak and irinifrak (collodion pyroxyline) arv generally formed 
together when cellulose is treated with a more dilute nitric acid and at a 
higher temjx»rature and for a much shorter time (thirteen to t^venty minutes) 
than in the formation of the hexanitrate. It is not possible to separate 
them, as they are soluble to the same extent in ether-alcohol, acetic ether, 
acetic acid, or wood-spirit. On treatment with concentrated nitric and sul- 
phuric acids, both the tri- and tetran it rates are converted into pentanitrate 
and hexanitrate. Potash anil ammonia convert them into dinitrate. 

The dinitratCy C|2Hig()g(N()3)2, always results as the final prcKluct of the 
action of alkalies on the other nitrates, and also from the action <»f hot, 
somewhat dilute nitric acid ujx>n cellulose. The dinitrate is very soluble 
in ether-alcohol, acetic ether, and in absolute alcohol. 

The chief raw material for the manufacture of these nitrates at pn^nt 
is the waste from cotton-spinning, which has already been freed from the 
impurities of the raw cotton. It is first picked clean by hand from admix- 
ture with foreign matter and then torn and ojx'ned up by machinery s<> as 
to fit it for easv action of the nitratinti: acids. It is then treated for a i'ow 
minutes with boiling jx>tash solution, thoroughly washed, and dried by 
steam. For the manufacture of celluloid a spetnally preparcnl and per- 
fectly pure tissu(^-j)apor is now used, which is torn into shrecls by maehinerr 
preparatory to the nitrating. 

n. Processes of Manufactiire. 

1. Gun-cotton. — The following is the procedure at Waltham Abbey, 
where gun-cotton is made for the English government under Sir F. Abel's 
improvtKl method. A mixture of fifty-five parts of nitric acid (l.ol^ 
S[x?cific gravity) and one hundrcxl and sixty-five parts of sulphuric acid (1.842 
specific gravity) is taken for one part of CH)tton. The nitrating mixture is 
placed in cast-iron vessc^ls, cookxl from without by flowing water, and the 
'XJtton immersed. It may either remain in these until ready for washing, 
V after a brief immersion \)c transferred to smaller stone-ware vessels, 
<X)oled, in which it then remains for twentv-four hours, for the 
of completing the nitration, so that the product shall con- 
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n a maximum of the highest, or hexanitrate, and of allowing the contents 
the jar to cool down peHectlV. The nitrated cotton is then centrifiigated, 
rred up thoroughly with cola water, again centrifiigated, and then washed 
stematically with warm water to which some soda has been added. The 
n-cotton so obtained may either be used in the loose form or, when de- 
iied for manufacture into cartridges, is beaten in a hollander after the 
inner of paper-pulp, and then washed and pressed in the desired forms, 
le gun-cotton when finished is usually preserved in a moist state, and 
ied only when needed for use. It, however, does not require to be sharply 
ied, as with fifteen to twenty per cent, of moisture it can be made to 
velop its full explosive powers. 

2. Pyroxyune and Collodion. — Pyroxyline of various grades of 
ubility can be prepared according to the strength of acids used and length 
immersion given the cotton. In general, the nitric acid taken is less con- 
itrated than that used for making gun-cotton, and a somewhat higher 
tiperature is employed. Potassium or sodium nitrate is also used along 
th the sulphuric acid as the nitrating mixture, as the presence of nitrous 
d in the nitric acid generated is considered as playing some part in 
; result. A mixture of twenty parts pulverized potassium nitrate witli 
rty-one parts of sulphuric acid of 1.835 specific gravity is given as a suit- 
le pyroxyline mixture. After the nitre has entirely dissolved in the sul- 
uric acid and the mixture has fallen in temperature somewhat below 50° 
the cotton is put in, stirred around thoroughly, and then the vessel left 
irered for twenty-four hours at a temperature of from 28° to 30° C. 
le pyroxyline is then washed with cold water until it shows no acid re- 
:ion, and finally with boiling water to remove the last traces of potassium 
Iphate. A similar mixture, using sodium nitrate, is thirty-three parts of 
Iphuric acid of 1.80 specific gravity, seventeen parts of sodium nitrate, 
(1 one-half part cotton. 

A special grade of pyroxyline for the manufacture of collodion, put 
on the market by the Sobering factory in Berlin, is made by immersing 
tton for fifteen minutes in a mixture of equal volumes of sulphuric acid 

1.845 specific gravity and nitric acid of 1.40 specific gravity, taken at a 
nperature of 80° C. 

The pyroxyline made from tissue-paper for the celluloid manufacturers 

made by taking fifty cubic centimetres of nitric acid of 1.47 specific 

aivity, one hundred cubic centimetres nitric acid of 1.36 specific gravity, 

d one hundred cubic centimetres of sulphuric acid of 1.84 specific gravity. 

this mixture eighteen grammes of the finely-shredded tissue-paper are 
mersed at a temperature of 55° C. for one hour. The paper gains about 
•ty per cent, in weight in the nitration. 

The method of carrying out this nitration as proposed by Hyatt, the 
tentee of celluloid, is shown in the annexed illustration. (See Fig. 90.^ 
le shredded paper is filled into the container jH, in which has been plac^ea 
nixture of strong sulphuric and nitric acids heated to from 26° to 32° C. 
le mixture having been vigorously stirred by a mechanical stirrer which 
Q be raised and lowered at will, it is allowed to remain at rest for twenty 
inutes to allow of the completion of tlie nitration. It is then swung 
[>und on the revolving table /f*, caught by a crane from above, and 
iptied into the centrifugal Kj which quickly drains off the excess of acid 
)m the mass, the liquid flowing through the pipe K^ into the reservoir 0^. 
le container H can be filled from this reservoir through the pipe K^ by 
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the application of air preesnre at Jf, as the lid of the add reservoir is fit 
on air-tight O* is a reservoir for fresh add mixture. 




The proportions of ether aod alcohol need in dissolving pyroxyline to 
make collodion solutions van- very greatly. The United States Pharmaco- 
jweia prescribes for four parts of pyroxyline seventy parts of stronger ether 
and twenty -six i>art3 of alcohol ; the British Pharniacopfeia takes for one 
ounce of pyroxyline thirty-six tiiildouuces of ether and twelve fluidouiicis 
of rectified spirit; the German Pharmacopoeia takes one part of pyroxyline 
to twenty -one }>iirts of ether and three iiarts of alcohol. 

3. C'ki.lt'U)id. — The convei-sion of pyroxyline into celluloid is acwiu- 
plished by ettiK-ting a thorough incoi'p>rjtion with the former of a certain 
amount of cain|)hor. This may, however, be done in a nimilwr of way?, 
sevor'il of wliicii Invo be<'n i-irried out in practice. First, it is [lossibk t" 
eff t 1 1 I "I al tl t the it fan solvent for either the cainphur 

tl I 1 n ca 1 1 r it tl e temjierature of its fusion becimis 

a (h t Ictt tie] \1 t tTxit iplete physical a«lmixture. 
■^ II 1 at --cd n tl try. The weighed am<Hmt 

1 1 1 1 t tl I 1 1 1 tl e latter is still in a partially 

I I I ir kNl jK tl mixture to aid in the I'oni- 
T r al -arefullv ground together iu oloiwl 
l>e 1 t tl r i^l 'heated rolls to otfect tiie 
t t ]>enetrate and take u]) the pyroxy- 
It ti n p t through a heated masticating 
a d n nke tl e mass of uniform coniposl- 
I tt r ailed le desired to the material? 
1 ne so that it may be thoronghly 
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\ lut o I T 1 1 or c tl tl 1 or methyl alcohol has also heeii 

used a. tl e ans ot con e -t , tl c j rox 1 ne into celluloid. This may 

'ther with the aid of hrat or, if suliicient of the solvent be used, it may 

ied out at ordinary tcnii>cratiircs. 

lution of camphor in ether has also been used in the celluloid fae- 

uuus & Co. iu Berlin. For fifty parts of pyroxyline is takeo 
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ly-five parts of camphor dissolved in one hundred parts of ether to 
b five parts of alcohol have been added. The mixture is covered up 
stirred from time to time. A gelatinous and glutinous mass results, 
h must be rolled between calender rolls until it acquires plastic charac- 
The process is distinctly more dangerous than the others mentioned, 
e ether is all allowed to evaporate, and it does not yield anything better 
e way of product. 

in. Products. 

. Gun-cotton. — The explosive variety of gun-cotton, whether in the 
of loose fibre or as compressed cartridge or paper sheets, cannot be 
ily told by outward characteristics from untreated cotton. Microscopi- 
it has not changed. It is on close examination seen to be not quite so 
e, a slight yellowish tint being recognizable ; it is slightly rougher to 
touch, and crinkles slightly when pressed ; when nibbed it is easily 
rifled and sticks to the fingers. When lighted it bums quickly with- 
smouldering or leaving any residue. When heated slowly it b%ins to 
mpose with evolution of acid fumes, and above 130° C. it explodes, 
therefore necessary to exercise great care in the drying of it, and espe- 
)^ if all traces of acid have not been removed. It is much safer w^hen 
than dry, although it is possible to explode it by concussion when it 
contains from fifteen to twenty per cent, of water, 
jun-cotton is insoluble in water, alcohol, ether, chloroform, and acetic 
, in dilute acids and alkalies. It is somewhat soluble in acetone and 
1-spirit. 

jrun-cotton is chiefly used in submarine mines and blasting and for 
il torpedoes. The combination of it with nitro-glycerine, known as 
ting gelatine, has been referred to under another section. (See p. 77.) 
I. Pyroxyline. — This in most physical characters resembles perfectly 
explosive gun-cotton. The most important difference is the ready solu- 
V of this variety of cellulose nitrate in a mixture of alcohol and ether, 
hich the true gun-cotton is insoluble. The ordinary pyroxyline is, 
^over, only sjightly explosive. When dissolved in the strength noted 
re (see precedin^j)age) we obtain, — 

J. Collodion. — This is a colorless liquid, which rapidly evaporates on 
isure to the air, leaving a transparent film of tetranitrate, or tetra- and 
trate mixed, insoluble in water and alcohol. It is used as a dressing 
rounds under the name of *^ liquid adlicsive plaster," and very largely 
hotography as a means of covering tiie photographic plates with a 
^parent film which shall hold finely divided and distributed the sensi- 
silver salt. 

L Pyroxyline Varnishes. — In recent years a very important class 
letal varnishes or lacquers have been introduced under trade-names, 
as 2^pon varnish, etc., in which pyroxyline is the basis. This is dis- 
»d in either methyl alcohol, acetone, methyl and amyl acetates, or mix- 
; of these. Petroleum-naphtha is also added to these solvents to facili- 
the drying. These varnishes are of special value for fine metal- work 
rass or bronze, as they leave a perfectly transparent and flexible film 
)rroxyline, which protects the metal and will not crack or }>eel when 
erly applied. 

I. Celluloid. — This valuable product of the action of camphor upon 
xyline is prepared under a great variety of forms, both transparent and 
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opaaue, colored uniformly, or mottled and striated in imitation of ivory, 
ooral, amber, tortoise-shell, agate, and other substances. It cannot be caused 
to explode by heat, friction, or percussion. When brought in contact with 
flame it bums with a rustling flame, and continues to smoulder after the 
flame is extinguished, the camphor being distilled off with production of 
thick smoke, while the nitro-t^ellulose undergoes incomplete combustion. 

Celluloid dissolves in warm, moderately concentrated sulphuric acid, but 
is carbonized by the strong acid. It is readily soluble in glacial acetic add, 
and on diluting the solution with water both camphor and pyroxyline are 
reprecipitated. It is rapidly soluble in warm, moderately concentrated nitric 
acid (four volumes of fuming acid to three of water), and is also dissolved 
with ease by a hot concentrated solution of caustic soda. Ether dissolves 
out the camphor from celluloid, and wood-spirit behaves similarly. Ether- 
alcohol (3:1) dissolves both the nitro-oellulose and camphor, leaving the 
coloring and inert matters as a residue. The density of celluloid ranges 
from 1.310 to 1.393. When heated to 125° C, it becomes plastic and can 
be moulded into any desired shapes. Separate pieces can also be welded 
together by simple pressure when at this temperature. The celluloid is 
easily (cemented to wood, leather, etc., by the use of collodion or a solution 
of shellac and camphor in alcohol. 

IV. Analytical Tests and Methods. 

Pure hexanitrate of cellulose will keep indefinitely, but the presence of 
free acid, of lower nitrates, or of fatty and waxy matters render it more or 
less unstable, and therefore unsafe. The most important determinations to 
make arc the examination for free acid and for lower nitrates, and the valua- 
tion by means of the estimation of XOg liberated from any sample. 

1. Examination for Free Acid. — This may be detected bv treating 
twenty gnmimes' weight of the gun-cotton with fifty cubic centimetres ot 
cold water. After twelve hours the water may be pressed out, filtered, and 
twenty-five cubic centimetres titrated with decinormal caustic alkali. With 
the remainder of the liquid tlie nature of the acid, whether sulphuric or 
nitric, may be ascertaim^d in- the usual tests. 

2. Examination I'X)r Lower Nitrates. — These may be detected if 
present by treating five grammes of the sjimple, previously dried at 100° C, 
with one hundred cubic centimetres of a mixture of three parts of ether ami 
one of alcohol. The mixture is shaken frequently during twelve hours, and 
then rapidly filtercKl through loos^^'ly-packed glass-wool, the filtrate evapo- 
rated at a gentle heat, and the residue weighed. 

3. Examination for Unaltered Celluix)SE. — This may he esti- 
mated by treating the gun-c<itton left undissolved by the ether-alcohol with 
acetic ether, which dissolves the hexanitrate and leaves the unchanged cot- 
ton. An alternative plan is to prepare a solution of sodium stannite by 
adding caustic S(xla to a solution of stannous chloride until the precipi- 
tate at fii^st fornitH;! is just n?diSvSolvcHl. This solution when boiled with 
gun-cotton dissolves the cellulose nitrates without affecting the uncliang^ 
cellulose. Sodium sulphide is also uscil for the same purpose. 

4. Valuation by Determination of NOj. — ^The nitrogen peroxide 
contained in gun-cotton and similar nitratixl products is frequently deter- 
mined by tlie aid of the reaction of sulphuric acid and mercury ujxmthe 

rates as carried out in a Lunge's nitrometer. This is a burette provide 
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the one end with 'stopcock and funnel-tube and narrowed at the other end, 
lidi is connected by a stout piece of rubber tubing with a simple gradu- 
jd burette-tube. The burette with the stopcock is filled with mercury 
rough the rubber connection with the other tube and the stopcock closed. 
} gramme of gun-cotton, dissolved in five cubic centimetres of concen- 
itra sulphuric acid, are then put into the funnel-tube, and by opening the 
)poock and lowering slightly the connecting burette are drawn into the 
^ppered tube, wash^ out of the funnel with a little additional pure sul- 
uric acid, and the stopcock closed. The tube is then shaken vigorously 
til the reaction is complete and the volume of gas no longer increases, 
is then allowed to attain constant temperature and the volume read off with 
rrection for temperature and pressure. Allen (Commercial Organic Anal- 
is, 2d ed., vol. i. p. 328) reconmiends that the volume be compared with 
it yielded by a standard sample or a nitre solution. 
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STATISTICS. 

I. a. rRODUCTION, CONSUMPTION AND EXPORTATION OP COTTON FROM THE UXITID 

STATES. 



Year. 


Production. 


Domestic con- 
sumption. 


Exportatioiis. 


Value of expor- 
tatiuiu. 


1894-95 .... 
1895-96 .... 
1896-97 .... 
1897-98 .... 
1898-99 .... 


Pounds. 
5,036,964,409 
3,592,416,851 
4,397,177,704 
5,677,259,827 
5,794,767,917 


Pounds. 
1,519,431,300 
1,257,190,466 
1,293,422,755 
1,826,995,532 
2,006,848,795 


Pounds. 

3,517,433,109 
2,886,226,385 
3,103,764,949 
3,860,264,296 
3,773,410,293 


Dollars. 
204,900,990 
190,056,460 
230,890,971 
230,442,210 
209,564.774 



(Stiitisticul Abstract, United States Tn^a.'rury Department, i 



I. b. world's supply and consumption of COTTON. 



(Bales of 500 poiiiuls. ) 



I I i 

l^•>l-9^>. I 1S9.V1HJ. i IsyC-llT. 1S97-*>S. 



i>iivi>y. 



Croj) of the UnittHl States 
Cn»i) of other cx>uutric> . 



9j;10,000 
1 .r.2.').(XM.) 



Total crop 11,2(">:).0U0 

Tonsil motion in rnite<l Ptatoji .... I 'J.7in.(KV) 

Consinniition in (Jreat Britain , , . .! :{.'2.'<<).(XH) 

Consnniption on Continent I l.n:5n,(ni() 

Consumjjtion in India I.OTI.IMM) 



f>.m-2.0()0 

8.8:>0.000 
2.:>72.000 

:i.-J7tJ.i>u() 
i,irrfMX)() 

1.1(>.\(X)0 



s.4:v».0(» 

1,'.>2 1,(100 

io.:r»y.ooo 

2.7;W.000 
:^224.000 
1,:W<,0<10 
1.004.000 



lo.syo.O'Vi 1 ii,i>ii.*'' , 
l,«l»VxOiK) 2.:itl.l«^ 1 



i2..Vv>.ooo ' i:;.'^n.6'>? 



3.C»02.000 
3.10«k000 
4,lS.\(»0n 

i,07:>.(W0 






WorM's consumption ll.(>y7,UK) 11,11:^,000 ll,:m,0C>0 ll.yCS.^JOO 1:VJ.V..<W 



II. Flax. — Accordino: to a Unitcxl Stat<»s oonsular rejx)rt from Odo^^ 
(United States Consular Reports, March, 1891, p. 365), the total area 
sown in Euro])e with flax amounted to 5,700,000 acres, of whieh Russia 
alone liad 3,700,000 acres. The totid quantity of flax fibre ])roiluee<l i^ 
Europe is there driven as follows : 

Pounds. Pound*. 

Kiis.sia '.KX),(KK),(M)0 Hcliriuni 43.200,00»'> 

AiLstria-lliuiicary .... ](M.400,(X)0 Italy 48.2<'Kl(K>0 

Gemmiiv . . . * 1i7,*J<M).(KM1 All ntInT countrii's . . . 3»j,0i.H^.IH:«> 

France '. 70,2(MK()(K) 

.i*nd rlt),H(.K).(X)0 l,3:x».O0O,000 
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n 1898 the amount of flax fibre produced in Europe was : 



Pounds. 

tufisia 1,580,776,000 

lustriarHungary . . . 114,097,000 

taly 41,917,000 

telgiiim 82,246,000 

'ranee 25,126,000 



Pounds. 

Netherlands 12,984,000 

Sweden 4,228,000 

Servia 1,287,000 



Total 1,762,556,000 



II. Jute. — The exportations of jute, etc., from Calcutta and Chit- 
ig in recent years have been : 



Year. 


Jute. 


Rejections. 


Cuttings. 


Total. 


90-91 

91-92 

92-93 

98-94 

94-95 


Bales. 
2,640,821 
1,714,063 
2,549,684 
2,151,844 
2,969,627 


Bales. 

51,459 

21,788 

40,924 

50,151 

55. 792 


Bales. 
524,250 
209,054 
411,884 
206,102 
486,803 


Bales. 
8,216,580 
1,944,480 
8,002,442 
2,407,577 
8,462,222 



(Textile Manufactures, June 15, 1895.) 

V. Importations op Vegetable Fibres. — The importations of 
iDufactured vegetable fibres into the United States during the last few 
» have been as follows : 

1896. 1897. 1896. 1899. 

lax (tons) 7,888 9,190 5,529 6,474 

Valued at $1,804,428 $1,897,976 $1,198,597 $1,806,520 

[emp and substitutes (tons) . 55,694 51,880 54,287 57,186 

Valued at $4,674,088 $4,048,179 $8,799,675 $6,688,588 

ute (tons) 88,992 68,550 112,806 88,161 

Valued at $2,001,206 $1,640,484 $2,548,498 $2,296,189 

isal-grass, etc. (tons) . . . . 52,180 63,266 69,822 71,898 

Valued at $8,412,760 $3,834,732 $5,169,900 $9,211,877 



7. Paper and Pulp Statistics. — 

'^aper-making Materials. — ^The importations of paper stock for the last 
J years have amounted, according to the United States Bureau of 
sties, to : 

1897. 

lags other than woollen (pounds) . . 51,181,009 

Valued at $668,385 

Ul other stock valued at $2,403,320 

WTood-pulp (tons) 41,770 

Valued at $800,886 

Dhe English importations of paper-making 
J years have been : 

1897. 
Jnen rags (tons) 25,333 

Valued at £249,631 

Ssmrto (tons) 204,579 

Valued at £825,195 

¥ood-pulp (chemical tons) . . . 

Valued at 

Vood-pulp (mechanical tons) . . 

Valued at 



388,304 
'£1,939,761 



1898. 


1899. 


49,800,209 


55,596,560 


$699,981 


$805,545 


$2,170,342 


$1,809,869 


29,846 


83,319 


$601,642 


$671,506 


materials 


during the 


lo9o. 


1899. 


20,559 


20,617 


£193,803 


£174,661 


197,341 


207,604 


£768,779 


£806,354 


179,510 


196,926 


£1,226,026 


£1,441,809 


225,317 


218,180 


£668,302 


£547,897 



Locording to " Bradstreet's" for November 29, 1890, the American 
lit of wood-pulp more than trebled within ten years. There were 
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then 210 factories engaged in its manpfiKstnie^ — 188 prodncini; it faj tif 
medianical prooeBB, 16 by the aoda, and 12 bjr die aalphite methods. 

Aoooidii^ to a report made to the United Statee Department of Libof 
in 1898, there were in tiie first half c^ 1898, 723 paper and palp mano&o- 
turera having altogether 1067 milk. Of the 723 mannftotarere, 644 re- 
ported their production for the half-year, amounting to 994,087 tons of 
paper and 619,383 tons of pulp. The value of the pner was $48,689,880, 
and of the palp, $13,428,642; together, $62,118,422. The StstcB with 
largest jprodaction were MassadiasrttB, New Yoric, Main^ WisoonsiD, and 
Pennsylvania. Almost one-third of the pjp^ prodoetion — vis., 311,818 
tons — ^was used for the dafly newspapers. Txiej^odaolaon of colored piper 
amounted to 124,339 tons; of wooa-fibre Manila paper, 72,073 tons; of 
cardboard, 70,694 tons ; and of Manila p^iexB, 760,383 tons. The 61 9,38S 
tons of palp were made up of 367,744 tons of groond wood-palp^ 173,420 
tons of sulphite palp, 74,379 tons of soda palp, and 3840 tons of oottoa 
fibre. 

Beckoning on the prodaotion of this half^rear, and oountinff in the 71 
establishments not reporting, the annual promotion of the United 8Ua 
is estimated at about $106,000,000 of paper and ^28,600.000 of pal|k 
The figures in the coisus year 1890 were $72,773,093 for paper td 
$5,162,038 for pulp. 

The total export from Norway of moist marfiine wood-pulp has Iwa 
as follows in recmt years : In 1889, 190,000 tons ; in 1890, 207,000 t«a; 
in 1891, 230,000 tons ; in 1892, 215,000 tons ; in 1893, 230,000 ttms; ii 
1894, 240,000 tons. The value of the 1894 exportation was from 9,500,000 
to 10,000,000 krona (1 krona = $0.26.8). 

The exportation of chemical wood-pulp from Norway was, for 1893, 
32,000 tons of dry and 13,000 tons of moist pulp ; for 1894, 34,000 tooB 
of dn* and 10,000 tons of moist pulp. The value was between 6,000/IOD 
and 6,500,000 krona. 
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CHAPTER IX. 

TEXTILE FIBRES OP ANIMAL ORIGIN. 

before stated, the only animal fibres tbat have acquired technical 
ince are the wool fibre and silk. These will now be considered. 

I. Raw Materials. 
Wool. — Wool is undoubtedly a variety of hair, found in greater or 
tntity on almost all mammals, on a few of which, as the domestic 
it forms the principal covering of the body. It is probable that 
3oth hair and wool occur together in wild sheep, domestication has 
Uy caused the rank hairy fibres to disappear and the sofl under-wool 
lop until the fleece of wool becomes a thick and complete covering, 
jraiuary hair the wool is distinguished by two important properties: 
ivhile hair is almost smooth on the surface, the wool fibre is covered 
lUte overlapping scales arranged like roof-tiles. While these scales 
minute as not to be discernible to the eye, they can be felt if a 
1 fibre is drawn between the fingers in the direction opposite to that 
in which the scales are set. 
Pio. 91. Secondly, while a hair ia per- 

fectly straight, the woollen fibre 
is finely crimped or curled, so 
that it becomes longer when 
drawn out and shortens again 
when the strain is removed. 
The spring due to this curled 
structure gives woollen fabrics 
notable elasticity. Owing to 
tlie overlapping scale-like struc- 
ture and the crimped condition 
of the fibre, wool has also the 
power of felting, or becoming 
matted into a compact cloth 
under the fulling process with- 
out the necessity of weaving. 
These structural characters of 
the wool Hbre are shown in 
Fig. fll. 

Sheep's wool varies fiiini 

the long straight coarse hair of 

certain varieties of the English 

eheep« wool CI"). sheep {Ijcicestor, LincolDshiro, 

etc.) to the comparatively short 

ine sofl wool of the Spanish and Saxon Electoral sheep. According 

ivcrage length of the fibres or staples two principal classes of worn 

ablished, tlie long-stapled (eighteen to twenty-three centimetres) and 
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the shori^apled wools (two and five-tenths to four centimetres). The 
former class have hitherto been combed and tlien spun into worded yzi^ 
while the latter have been carded and spun, yielding woollen yams. These 
pro<t?sses will l)e R^fernxl to again later. (See p. 314.) In general the long 
straight wools, like Liuc^oln and Leicester w(X)ls, possess a silky lustre, and 
are known as lu^ftre wools, while the Merino, Colonial, etc., which are shorter 
and curly, are known as non-lustre wools. 

The worth of any grade of wool is determined by noting such proper- 
ties as softness, fineness, length of staple, waviness, lustre, strength, elas- 
ticitv, floxil)ilitv, color, and the facilitv with which it can be dved. Wool 
is very hygroscopic. In warm dry weather it may contain eight to tAvelve 
per cvnt. moisture, Imt if kept for a time in a damp atmosphere it may take 
up thirty to fifty jx'r it»nt. This becomes an imiK)rtant item in the sale of 
wool, and hence in France and Germany the i)ercentage of moisture o(»n- 
tained in wool to l)e sold must Ix? officially determined in " wool-conJitum- 
ing" estal)lishments. (See silk-conditioning, p. 311.) The legal amount 
of moisture allowed on the Continent is 18.25 per cent. 

The best kind of wool is colorless, but inferior grades are often yellow- 
ish, and sometimes even brown or black in color. 

The chemical composition of the wool fibix? is, as already noted (see p. 
273), nitrogenous, but we must at the same time distinguish between the 
true fibre and the encrusting mattei's. These latter, independent of me- 
chanically adhering imi)urities or "dirt," are of twofold chara(*ter, the 
" wool-fat^^ (soluble in ether) and the " wool-perspiration^^ (soluble in water). 
These two are frecjuently included together under the name of the '* yolk" 
or ** suint" of the wool. The true wool fibiv, when cleansed from these, 
has approximately the following comix >sition : Carbon, 49.25 per cent.; 
hydrogen, 7.57 j)er cent.; oxygen, 23.66 jKn* cent.; nitrogen, 15.80 i>er 
cent. ; sulphur, 3.66 j)er cent. The })resence of sulphur is very distinctive 
of wool and serves to distinguish it from silk, the other nitrogenous tibre. 
It can l)e removed in large i)ai't, but not without weakening the fibre and 
destroying its lustre, etc. 

Wool-fat is a mixture of a solid alcoholic IxKly, cholesterine, together 
with isoeholesterine and the compoinuls of these Ixxlies with several «>t* the 
fatty acids. Thes(* free higher al(M)hols are soluble in lx)iling ethyl alc<»h"l 
while the coni])oun<ls tiny form with the fatty acids are insoluble in alaW 
but soluble in ether. 

Wool-]>ers])i ration has l)een shown to consist ess(^ntially of the ix>tassium 
salts of oleic and stearic acids, possibly other fixed fatty acids, also pta>- 
sium salts of volatile acids, like acetic and valerianic acid, and small quan- 
tities of chlorides, pIiosi)liates, and sulphatc»s. The wash-water of raw <•[ 
greasy wool, it will ho s(H*n, therefore, would contain large amounts oi 
|K>tash siilts, and when evaporated and ignited would yield an abundant 
pnxluct of j)otassium carbonate. This utilization of the wck>1 wash-v\*ater 
as carried out at ])resent in France and IWgiuni yields over one milli«»D 
kilos, of |)otassium ciu'honate. Another utilization of this yolk of wool'? 
to submit it to dry distillation, wlicm it yields a ix^sidue which is an ex- 
tremely intimate mixture of carbonate of potash and nitrogenous carlM)U, 
of groat value for the manufacture of yellow prussiate of }K>tash. 

Wool is dooomposod by boat at 130° (\, anmioniacal vajx>rs are giv<*n 

and at 140° to 150° C. sulphur compounds are also present in tbe 
s. When ignited by a fiamo, wool emits the disagreeable cxlir ot 
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rs and leaves a porous caked residue, Ammoniacal soliitioa of 
ite has no action upon wool in the cold, but dinsolvos it when 
: solutioiiB of hydrochloric and sulphuric acids have little in- 
her hot or cold. This fact is availed of iu separating cotton 
1 the process of "carbonizing" mixed cotton and woollen goods, 
ulphuric acid used attacks and disint^rates the cotton, Tbey 
td in closed chambers at 110° C, after which the disorganized 
be beaten out, while the wool remains but slightly altered, 
does not attack the wool seriously, but gives it a yellow color, 
imes used as a " stripping" agent for dyed woollen goods in 
'ing. Sulphurous acid is the most satisfactory bleaching agent 
, as it removes the natural yellow tint of the ordinary wool, 
lies act rapidly and injuriously upon wool. Alkaline carbonates 
ve little or no injurious action if not too concentrated and if 
ure is not above 50° C. Chlorine and hypochlorites act injuri- 
rt'ool and cannot be used for bleaching. A very slight action 
on the otlier hand, causes wool to assume a yellowish tint and 
icreased affinity for many coloring matters. 
■elated to sheep's wool are a few varieties of animal hair, which 
zed in some degree as textile fibres in similar classes of goods. 
s the product of the Angora goat of Asia Minor and Cape Col- 
i.frica. It is a long silky hair, which is very soft and lustrous. 
I consists of the soft under-wool which grows in winter on the 
)at It fiimishes the material for the costly Cashmere shawls 
inu&cture, but is not exported at all as fibre. 
J7e«na, IMtiia, and Qwiruico are the names of four closely- 
es of South American goats found on the western slopes of the 
Andes, which yield valuable hair-like fibres. 
'■ 92. Of these, the alpaca is exported in lai^est 

amount to Europe and the United States, It 
IS a long silky fibre somcwliat intermediate be- 
tween true wool and hair and possessing a strong 
lustre It is both white and of various colors. 
It IS sho^vn in Fig, 92, 

Chmel^s Hair is somewhat used iu Africa, 
Asia Mmor, and the Caucasus, and latterly in 
Europe, for the manu&cture of woven goods, 
which are made from the unbleached hair. 

B Silk. — The silk fibre is, morphol<^i- 
call\ , the simplest and at the same time, because 
of Its properties, the most perfect of the textile 
fibres It differs from all other fibres in that 
It IS tound in nature as a continuous fine tliread, 
so that the process of spinning is superfluous in 
Its case In place of this we have the reeling 
process whereby several of the natural threads 
are united into one tliicker and stronger thread, 
bilk IS the product of the silk-worm (Bom- 
byx moil) and is simply the fibre which the 
jiMircp) worm spms around itself for protection when 

entenng the pupa or chrysalis state. From the 
' the animal m the moth or butterfly state develops the cater> 
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pillar or silk-worm. The eggs are yellowifJi in color at first, changing to 
gray when drj-. They are very light in weight, some thirteen hundred aod 
fifty tc^ether weighing one gramme. For the development of the «ter- 
pillar from them a c-crtain amount of warmth and moisture is necessary-, the 
temperature being raised in the incubation chamber during ten or twelve 
days from 18° to 25° C. The young worms are at once removed to lar^rer 
(-hiunl>er8, where are lath frame-works strung across with threads and shceU 
of paper. The animals are placed upon these, and fed regularly during 
thirty to thirty-three days, till indeed they b^n to spin. They are liere 
fed upon mulberrj- leaves {ilonia alba), and during tliis period increase 
enormously in size, becoming at length about eight to ten centimetres loni: 
and about five grammes in weight. To allow of this increase in size it 
casts its skin some four times during this period (at interv-als of frnm four 
to six days). "When about the thirtieth dav of its growth has been reachiil 
it ceases to fake food and shows a decided restlessness. It is then pUeed 
on birch-twigs, and soon begins to spin. This spinning of the cocoon, or 
oval-shaped house in which the worm is to undei^ the chrysalb state befoit 
emerging as the butterfly, in- 
volves the secretion of the fibre Fio- M. 
so much ])rized as silk. The 
silk substance is secreted bj 
two glands, one on either 
of the body of the eatcqiillar. 
The sidistance from these two 
glands unites in a ca])illar>' 
4unal s-ituiit<'d in the head of 
the animal, whence is-snes the 
silk as a double fibre only 




'^ely sqwrati-d, n'nicnt.'d throii^rhouf by the sericin, or silk-glue. Tbe 
icruscopical apjiearanec of the silk tibn- is shown in Fig. 93. Tliis fi'"^' 
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ich goes to form the oocoon varies in length from three hundred and fifty 
twelve hundred and fifty metres, and with a diameter of about .018 
limetre in diameter. The interlacing layers of the silk cocoon are at 
t loose^ but become finer and denser towards the interior, while the inner- 
st layer which immediately surrounds the animal forms a thin parch- 
Qt-like skin. The several stages of cocoon-spinning are shown in Fig. 
The cocoons of the female are pure oval in shai)e, while those of the 
le are distinctly contracted in the centre. They are white or yellowish, 
1 usually about three centimetres long and one and one-half to two centi- 
tres thick. Some seven or eight days are allowed for the completion of 

cocoon-spinning, and they are then gathered. A sufficient number of 
h males and females are taken for breeding purposes, and the rest put 
le to be reeled for silk. Those chosen for breeding are kept for some 
;nty days at a temperature of from 19° to 20° C, when the silk-moth 
ich has formed in the interior from the pupa emits a peculiar saliva^ 
ich softens the sericin, or silk-glue, at one end of the cocoon and enables 

animal to push its way out to daylight The females within forty hours 
?r their appearance lay their eggs, some four hundred in number, and 
►rtly after die. The eggs are slowly dried, and stored in glass bottles in 
ry dark place till the following spring. The cocoons put aside for the 
ling of silk must be taken in hancl promptly and the chrysalis contained 
them killed, in order to prevent the development of the silk-moth and 
I injury to the cocoon by its pushing its way out. This is done either by 
iting diem for several hours in an oven at 60° to 70° C, or more quickly 
steam heat One hundred erammes of eggs produce under favorable 
iditions from ninety thousand to one hundred and seventeen thousand 
x)ons, weighing one hundred and fifty to two hundred kilos., and these 
id twelve to sixteen kilos, of reeled silk. 

The silk fibre consists to the extent of rather more than half its weight 
fibroin, CjaH^NaO^, a nitrogenous principle. Covering this is the silk- 
ue, or sericin, Ci^HjjN^Og. Whether this latter exists in the glands of 
e silk- worm along with the. fibroin, as maintained by Duscigneur-Kleber, 

is produced exclusively by atmospheric change from tne fibroin as 
sertea by Bolley, is still in debate. This sericin, however, is easily 
ssolved off from the fibroin by warm soap- water and other alkaline 
[uicls. This " boiled-off " liquid plays an important part in silk-dyeing 
orations. (See p. 491.) The most imi)ortant i)liysical properties of the 
k fibre are its lustre, strength, and avidity for moisture. The regu- 
tion of the amount of moisture contained in raw silk as offered for sale, 
"silk-conditioning," will be spoken of imder the process of treatment. 
ee p. 311.) 

Besides the true silk, the product of Bombyx mon, we have seveml 
•called " wild silks," the most important of which is the Tussur silk, 
? product of the larva of the moth Antheroea myliita, found in India. 
le cocoons are much larger than those of the true silk- worm, egg- 
iped, and of a silvery drab color. They are also attached to the twigs 

the food trees by a thread-like prolongation of the cocoon. The 
»on is very firm and hard, and the silk is of a drab color. It is used 

the buff-colored Indian silks, and latterly largely in the manufacture 
silk plush. Other wild silks are the Eria silk of India, the Muga 
I of Assam, the Atlas or Fagava silk of China, and the Yama-viai silk 
Japan. 
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n. Processes of Manufacture. 

It will be beyond the province of this work to take up the manufacture 
of woollen and silk goods from the mechanical side. Hence we shall only 
notice the preliminary processes of chemical treatment which the fibr^ 
undergo to prepare them for manufacture into goods, and then take up the 
several classes of manufactured textiles again in speaking of bleaching and 
dyeing of goods. 

A. WcKM.. — 1. Wool'Scoumig, — The condition of the raw wool when first 
obtained from the back of the sheep has already been referred to. The fibre 
is covered with both natural ana artificial impurities (yolk, dirt, etc.) to 
such an extent that mordanting and dyeing would be almost impossil)le. 
These are therefore to be removed by the process of scouring. It will be 
rememl)ered, too, that the yolk was stated to be made up of the wool-fat 
(soluble in alcohol) and the wool- j^rspi ration (soluble in water). Both of 
these have to l)e removed in the completed scouring operation. The full 
operation then must include three stages, — viz., steeping, or washing with 
water {d^miintage) ; cleansing or scouring proper with weak alkaline solu- 
tions {degraissage) ; rinsing or final washing with water {rim/agf). The 
first operation may l)e omitted if the wool has been washed by the wocJ- 
grow^r. This is true, for instance, with Australian w(X)ls, while, on the 
other hand, most South American wools come into commerce unwashed and 
very ri(»h in yolk. The washing of these wools is largely carried on in 
Franco and Bolginni, and, as has IxH^n stated (see p. 306), is made to yield 
largo amounts of j><>tassiuni oarl)onate by evaporating and igniting tliewasli- 
wators. The wool is systomatioally washed in tepid water (alx>ut 4o^ <.) 
in a series of tanks arranged so that the water passes from one to the other 
until coni])lotoly saturatocl, when it is evajwratod. AcH?ording to M. Chan- 
d(4on, one thousand kilos, of raw wool may furnish tlinyo hundred and 
thirtoon litres of yolk solution of si)ooitic gravity 1.25 (oO^ Tw.), having a 
value of fifteen shillings and sixpence, while the cost of extraction do(> 
not oxoood two shillings and six[>ence. 

The scouring and washing pnn^esses for loose wool are usually oarriid 
out in the well-known rake scouring-machines, consisting of a large ra>t- 
iron trough provided with an ingenious system of forks or rakes whenby 
the wool is gradually passed forwanl by the to-and-fro digging motion ot 
the rakes. Two or throe such soouring-machines are placx^d in series, ^o 
that tlio Hi-st may take the bulk of the impurities, the second a)niplete the 
scouring, and the third otfeot a thorough washing in a stream of fresh water. 
The scouring liquid which has boon longest in use is stale urine (lonil 
which is oilootivo hooauso of the ammonium carbonate it contains. It i? 
now largely su[)j)Iantod by ammonia, smlium c»arbonat(% soaps, etc. The 
most injurious oftoots arise from the use of water containing lime or mag- 
nesia, Ixrauso of the formation of the insolul)le lime or magnesia comjx>nnd> 
upon tlio tihro. In r(M»ont years volatile solvents, like fus<^l oil, other, ]X'tn»- 
louni-naj)htlia, carbon disiil|>hi(l(% have also U^on introduoc<l for scouring 
purposes, although not generally ado|)ted on account of the expense an<J 
risk attending their use. They must be followed at all events by a wasliinu 
with water, as, while tli( y dis-olve tatty njatters, they do n(»t take n}> tli-' 
oloates, etc., of the wool-perspiration. 

The only treatment of this kind, known technically as a thymt.<iii'J 
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process, is that with petroleum-naphtha. This has been found practicable 
and remunerative. The wool, freed from its grease and wax-like con- 
stituents by the naphtha and its potash salts, by a washing with water only 
is left in an excellent condition for the mechanical treatment, such as card- 
ing and combing. 

Woollen varus and woollen cloth are also scoured to free them from the 
oil which has either purposely or by accident been put upon them in the 
spinning and weaving oj)erations. The scouring of " union'' goods — that 
is, materials with cotton warp and woollen weft — is a more difficult oj^era- 
tion on account of the differences in elasticity, hygroscopic character, etc., of 
tiie cotton and the wool fibre. It includes the oj>erations of crabbingy stmrn- 
ingy and scouring. 

2. Bleaching of Wool. — Wool is generally bleached either as yam or 
cloth. The bleaching agent in general use is sulphur dioxide. It may of 
course be applied either as gas or as sulphurous acid solution, the former 
method being generally followed, and the yarn or cloth suspended on poles 
in closed chambers, called sulphur-stoves, which can be charged with the 
gas. In liquid bleaching with sulphurous acid, a solution of sodium bisul- 
phite is generally used, which is either mixed with an equivalent amount of 
hydrochloric acid or, what is better, the goods are passed through one solu- 
tion afler the other in se|)arate baths. The bleaching of sulphur dioxide 
differs essentially from that effected by chlorine and hyi>ochlorites in that it 
is not due to oxidation, but to reduction or j>ossibly to the formation of color- 
less compounds with the natural yellow color of the wool. At all events, it 
is not permanent in character, and the yellow color gradually returns on ex- 
posure to atmospheric influences and repeated washings in alkaline solutions. 

The best liquid bleaching agent is hydrogen dioxide. The woollen mate- 
rial is steeped for several hours in a dilute and slightly alkaline solution of 
the commercial HjOj and then well washed, first with water acidified with 
sulphuric acid and afterwards with pure water. 

B. Silk. — 1 . Reeling of Silk, — The unwinding of the long silk fibre from 
the cocoon and bringing it into condition for weaving is to be accomplished 
in the reeling process. The cocoons are thrown into a basin of warm water 
to soflen the silk-glue and allow of the fibres being separated. From four 
to eighteen fibres, according to the quality, are taken, and two threads formed 
by passing the fibres together through two perforated agate guides. Afler 
being crossed or twisted together at a given point they are again separated 
and passed through a second pair of guides, thence through the distrib- 
uting guides on to the reel. The temjwrary twisting or crossing causes the 
agglutination of the individual fibres of each thread. In ortler to form 
long threads a frequent addin<i^ on the fibre of a new cocoon is necessary. 
Care must be taken, also, that the thread remain as nearly as possible of uni- 
form thickness, so that as the inner fine fibres of several cocoons come 
through the guides another cocoon is added to the number used for the 
thread. One cocoon gives .16 to .20 or at most .25 gramme of raw silk. The 
loss through removal of the external floss varies from eighteen to thirty per 
cent., according to the cocoons and the care bestowed by the worker. Before 
this raw silk can be used for weaving two of the threads are " thrown^' 
together and slightly t^visted. 

2. Silk'ComlUioning. — Raw silk kept in a humid atmosphere is capable 
of absorbing thirty jxjr cent, of its weight of moisture without this being 
at all perceptible. It therefore becomes a matter of great importance for 
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the buyer to know what weight of normal silk there is in any given Itt 
To ascertain this with accuracy, there have been eHtabliahed in a number of 
the European centres of BJIk industry condituming establishments. TIk 
operation is carried out by means of the apparatus shown in Fig, 95,wiiae 
a number of bankg of silk are shovt-n in the drying chanilier. A t«5t hint 
of silk is taken from the l>ale, and having been Buapended frum theouewm 
of an acrnrate balanee its initial weight is gotten. It is then dried inarar- 
rent of air at 110° C. until constant weight is again olitaincd. 
ment of the drying chamber is shown in 
the illustration. To the final weight ob- 
tained for the dry silk eleven per cent, is 
added, and the result taken as a normal 
silk weight. The average loss of weight 
iu this conditioning process is about 
twelve per cent. 

3. SUk-ecouring. — By the scouring 
of silk the silk-glue is removed to a 
greater or less extent and the fibre is 
rendered lustrous and soft and able to 
take the dye-color. According to the 
amount of silk-gluc removed in this 
owration the product is called boiM-off 
gtlk, sotiple silk, or fcni. In the first 
case, the loss of silk-glue amounts to 
twenty-five to thirty per cent, of (he 
weight of the raw silk ; in the second, 
to eight to twelve per cent. ; and in the 
thira to three to tour per cent, of the 
original weight of the silk. In preparing 
the first variety two oi>erations are neces- 
sary, ttripphig or ungumming {dlgom- 
mage) and boiling off. 

The hanks of raw silk are suspended 
by wooden rods in a rectangular trough 
lined with copper and worked by hand m a thirtv t tlmiv Ik-- pi i ■■ i! 
soap solution heated to 90° to 95° C When the water is ver> iiani n 
must be C'OiTccted or softened previously. Frequently two soap-batlis are 
used one after the other as the first one becomes charged with the silk- 
clue. The silk at first swells up and becomes glutinous, but as the glw 
dissolves off it becomes soft and silky. The waste soapy and glutinous 
liquid obtained is called "boiled-otf" liquor, and is a useful addition to 
the dye-bath in dyeing with coal-tar colors. (See p. 491.) For the i)Ur- 
i pose of removing the Inst portions of the silk-glne, it is now washed lO 
"Water at 60° C, to which some soap and carbonate of soda have l)een aildal, 
put in coarse hempen bags called "pockets" and boiled for half an 
f *OTir to three hours, awwi-ding to quality, in open copper vessels with a *>• 
lution of ten to fifteen per cent, of soap. It is then rinsed with a w«k 
tepid solution of sodium carbonate, and finally n-ashed in cold water.. Sil* 
- ratended to remain white or to be dyed pale colore Is then at om-e bteadiMl 
^ while moist with gaseous sulphur dioxide for some six hours. The blefldi- 
; operation may be repeated from two to three times, according to tlw 
litf of the silk. 
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Souple silk is that which has been prepared for dyeing with a loss of 
it more than eight per cent of its weight. It is, however, not so strong 

boile3-off silk, and is used only for tram. Its preparation always in- 
ades two operations, and if the silk is to be dyed Hgnt colors, two addi- 
)nal operations have to be carried out. The raw silk is first " softened," 
id the small quantity of fatty matter present removed (digraisaage) by 
orking it from one to two hours in a ten per cent, soap solution at 25° 
35° C. It is then " bleached" by immersion for ten to fifteen minutes 

a dilute solution of aqua r^ia (five parts hydrochloric acid to one 
irt nitric), or as a substitute for tliis nitrated sulphuric acid (nitrosyl-sul- 
latel This is followed by " stoving," or treatment with sulphur dioxide^ 
id tnen, without removing the sulphurous acid, by the treatment of sou- 
ing (asaouplissage) proper. This consists in working the silk for about 
I hour and a half at 90° to 100° C. in water containing three to four 
ammes cream of tartar to the litre. This ti'eatment makes the silk softer 
d causes it to swell up and become more absorbent. It is then finally 
ished in tepid water. 

£cru silk is raw silk which has been washed with hot water, with or 
thout soap^ bleached with sulphur, and again washed. It is only used 
' a base for other silk fistbrics like velvet or dyed in blacks. 

B. 1. Artificial Silk. — In 1888 Chardonnet first brought to the 
ention of the textile trade a product obtained from cotton by a peculiar 
atmenty to which the name of " artificial silk" was given, because of its 
ailarity in lustre and general appearance and its capability of readily 
cing all shades of color when dyed, and of being woven into fabrics aa 
lutiftil if not quite as strong and durable as the natural product of the 
c-worm. This product is now manufactured on a large scale at Besan9on 
France, in Belgium, and in Germany, and has become an article of 
umeice. 

The raw material is cotton lint carded into wadding. This is trans- 
med into nitro-<-ellulose by immersion in a mixture of fifteen parts of 
ric acid of 1.52 specific gravity and eighty-five parte of commercial 

S^buric acid. The immersion continues until a sample on examination 
er the microscope with polarizc<l light shows a clear blue color only. 
B nitrated cotton is then pressed, to free it from excess of acid, and 
jhed until the last trace of acid is removed. After compression, it is 
en with thirty-three per cent, of moisture still remaining and dissolved 
digestion in autoclaves in a mixture of equal parts of ninety-five per 
L alcohol and ether. The solution after filtering through lint cotton is 
aside to "age" or allow of the completion of the chemical change. 
lally the solution is put in steel cylinders and under a pressure of from 
y to fifty atmospheres is driven through fine glass tubes with minute 
rtures into water acidulated with one-half of one per cent, of nitric acid 
[ thence wound directly upon bobbin-*. The skeins are then dried rapidly 
a current of warm air at 45° C. and denitrated with a bath of an alka- 
5 sulphide. Afl»r thorough washing and drying it is ready for treatment 
J common silk, taking the basic aniline dyes very readily. 
Other processes for the manufacture of analogous " artificial silk" fibres 
n cotton use ammoniacal cupric hydrate solution and zinc chloride. 
168 and Bevan have also prepared a similar artificial and lustrous fibre 
n their cellulose xanthogenate or viscose product. 
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nL Products. 

A. Wool. — ^We have al]«dy alliided to the distincdcm between wo^^ 
and woollen yarns. Formerly all longHStapled wools were eombed, — that 
is, the fibres were brought as nearly as possible parallel to one another and 
were then span into wbit was known as worstedf vam, used in hoffl^ and 
in the manu6cture of &brios which did not undergo falling. All short- 
stapled wools, on the other hand, were carded and spun mudi as cotton is 
spun, and the vams so obtained were the only ones capable of being used 
in makinff milled or fulled doths, in which the felting property of wool is 
availed ox to thicken the doth afier weaving and in whicn by teasek the 
nq> of the doth is raised so as to present a uniform sur&oe. All kinds of 
wool, therefore, were fonnerly divided into combing and carding or cloth- 
ing wools. Machines have be^ invented latterly, however, capable of 
combing wools having as short a staple as one indi, and, on the other hand, 
wools with a staple as much as five inches long maybe used in making 
milled cloth. So the distinction between the several wools is no loogsr u 
absolute as it once was. 

Among the diief kinds of worsted &brics are serges and merinos and 
mixed goods of wool and mohair, alpaca, and camd's hair. Hosiery and 
carpets also bdon^ here, although the best of these latter are made on a 
ground of strong linen or hemp. The prindpal varieties of woollen doth 
are broadclothsj the finest vanetv of woollen doth, eadimeres^ a fine thin 
twilled fabric, tweeds^ fabrics of looser texture than broadcloth and less 
highly milled, doeskin, a strong twilled cloth, Uardcds^ flanndSj etc. 

Shoddy is a material made from fragments of cast-ofT woollen dothing 
torn into fibres and re-spun into yam. It is looser in texture than mungo, 
which is made from remains of finer fragments, such as old dress-coats, 
tailor's clippings, etc. 

A third grade of recovered wool, sometimes called extract woolj is ob- 
tained from union goods (mixed woollen and cotton goods) by the process 
of carbonizing the vegetable fibre and then beating it out. The carbonizing 
is done with dilute sulphuric acid, with aluminum chloride, or with gaseous 
hydrochloric acid. The last process is said to give the best results. 

B. Silk. — The raw-silk threads obtained in the reelii^ process are not 
sufficiently strong for use in the loom, so several must be united. This may 
be done in different ways. By the union of two or more single threads, 
separately twisted in the same direction, which are then doubled and 
retwisted in the opposite direction, is obtained orgamine. The best grades 
of silk are also taiven for the organzine, which is to form the warp in silk- 
weaving. The product of the union of two or more simple untwisted 
threads which are then doubled and singly twisted is tram, which forms the 
weft in weaving. 

Waste silk is tliat which proceeds from perforated and double cocoons 
and such as are soiled in steaming or in any other way. This waste silk i? 
washed, boiled with soap, and dried. When carded and spun like cotton it 
yields the so-ealled Jlurt'silk. 

Sat'im are tissues so woven that almost the only threads appearing on 
the right side of the tissue are m eft threads, which present a uniform glossy 

surface. 

Velvets are tissues in which the outer surface presents to view a short 
soft pile, made by passing the warp threads over fine wires, which are after- 
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wanls drawn out. The loops then remaining are either left as they are, in 
which case the tissue is called pile-vdvet^ or cut to form cad-velvet. This 
fabric is now largely imitated in cotton and mixed tissues. 

IV. AnaJjrtical Tests and Methods. 

1. General Distinctions between Vegetable and Animal 
Fibres. — ^A general scheme for distinguishing between the several classes 
of fibres has been proposed by R. Sehlesinger in his " Leitfaden fur die 
mikroskopische una mikrochemische Analyse der technisch verwendeten 
Rohstofie der Textil-Industrie." It is in outline as follows : 



Treat with Caustic Soda. 



The fibre does not dissolve in I The fibre dissolves in concen- 



ten per cent, caustic soda 
solution, and in burning, 
which takes place readily, 
does not develop any burnt 
horn odor. 



Vegetable fibres. 



trated caustic soda, and 
when treated with ammo- 
niacal cupric oxide shows 
scales upon its surface. 



Animal hairs or wool. 



The fibre does not dissolve in 
cold ten per cent, caustic 
soda, but dissolves per- 
fectly in concentrated sul- 
phuric acid ; shows neither 
scales nor medullary sub- 
stance. 

Silks. 



The vegetable fibres are then to be studied by the aid of the iodine and dilute sul- 
phuric acid reaction, and the several groups already noted in the classification on p. 263 are 
established. 

The animal hairs are to be distinguished best by the microscopical characters and 
measurements. 

The several varieties of silk are also to be distinguished by a comparison of the diame- 
ters of the fibre as measured under the microscope. 

A scheme for distinguishing between the more important textile fibres, 
based upon their behavior to the two dyes malachite-green and Congo-red, 
and after examination under the microscojM}, has been proposed by Behrens 
(*' Microchemische Analyse," 2te Heft, p. 51). The grouping thus estab- 
lished is as follows : 

Group A. Dyedfasi to washing by malachite-ffreeyt. 
Here belong, of the textile fibres, silk, wool, and jute. 

Aa. Not capable of supplementary dyeing by aromatic amines : silk and wool. 
Ab. Capable of supplementary dyeing by aromatic amines : jute. 
Group B. Dyed pariially faat only by maiachite-greai. 
Hemp and manila. 

Ba. Strongly polarizing : hemp. 
Bb. "Weak polarizing : manila. 
Group C. Fugitive dyeing with nicdaehite-green ; complete supplementary dyeing toiih 
benzidine dyes. 
Here belong cotton and flax. 
Ca. Weak polarizing : cotton. 
Cb. Strongly polarizing : flax. 

Several of the simpler differences between the vegetable and the animal 
fibres aa groups have already been alluded to in classifying the fibres. (See 
p. 273.) Other special tests are as follows : 

1. Millon's reagent (mercurous and mercuric nitrate) colors the animal 
fibres red, but not the vegetable fibres. 

2. Liebermann gives the following test : Prepare a fuchsine solution, 
add potash solution drop by drop until it is decolorized, filter, and dip in 
tlie sample of goods. Wool or silk fibres are colored red, cotton remains 
colorless. 
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Wool, — The following figures bHow the production, importation, and 
home consumption of wool for the United States in recent years : 



Year. 


Production. 


Imports. 


Total production 
and imports. 


Home consump- 
tion. 


Percentage 
imported. 


1895 . . . 

1896 .. . 

1897 .. . 

1898 .. . 

1899 .. . 


Pounds. 
809,748,000 
272,474,708 
259,158,251 
266,720,684 
272,191,380 


Pounds. 
206,083,906 
280,911,473 
850,862,026 
182,795,202 
76,786,209 


Pounds. 

515,781,906 
508,386,181 
610,005,277 
399,516,886 
348,927,589 


Pounds. 

509,159,716 
490,413,964 
601,805,908 
896,889,915 
334,832,204 


40.0 
45.0 
57.8 
32,8 
19.2 



The importations of wool during the last few years are thus clas&ifietl : 



Class I. — Clothing wool (lbs.) . 

Valued at 

Class II. — Combing wool (lbs.) 

Valued at 

Class III. — Combing wool (lbs.) 



1896. 1897. 1898. 1899. 

117,233,440 200,759,079 45,442,987 12,976,999 

$19,448,471 $34,281,656 $7,969,611 $1,948,9;>4 

15,756,318 37,051,490 4,320,873 2,165,410 

$3,509,736 $7,187,620 $859,599 $587,061 

07,921,715 112,141,457 83,031,342 61,603,701 



Valued at $9,493,035 $11,773,915 $7,964,482 $5,786,882 

The " wool book" of the National Association of Wool Manufacturers 
Jives the following as the world's production for 1891 : 



Blurope : Pounds. 

Russia 291,500,000 

Great Britain and Ireland . 147,475,000 

Fntnce 124,808,000 

Spain 66,188,000 

Germany 64,894,000 

Hunicarv 43,146,000 

Austria* 11,155,000 

Italv 21,385,000 

Portugal 10,362,000 

Belgium 4,409,000 

Sweden 8,807,000 

All other Europe 8,818,000 

Total Europe 787,892,000 



North America: Pounds. 

United States 807,100,000 

British provinces 12,000,000 



Total North America . 819,100,000 



South America: 

Argentine Republic . 

Brazil 

Peru 



876,700,000 
1 ,876,000 
6,700,000 



Uruiruay 42,000,000 



Total South America . 427,275,000 
Australasia 660,000,000 
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BrilUl KMt Indies . . . . 

. KoMlm ... 

Atlatk) Tiirkev. Petsis, 

Thibat, AffhaniBtitD, etc. 

SItm, Ajdatlc Turkev . . . 



72,000,000 
60,000,000 

12,200,000 
8,300,000 

fl 1, 536,000 
8,470,000 



Africa ■ 

Cape Colony, I 

Egypt 



2,«0( 



Total Africa 131,481,600 

AU other countries 48',Daa.DIW 

ToWl production , , 2,458,773,500 

The wool olip of the principal fim vool-pnxtnotng oonntrieB £» ISM 
K given as follows : 

UnitaaSUtv SS6,000,OO.t ponn^ 

AuitnOftda tSl.OOO.OOO •• 

Cmw of Good Hope USLOOO.OOO " 

BiTarPlatta 44S,OI»,000 '■ 

Total 1,471,000,000 « 

(Itetae Kunteotnnr, JniM IS, ISK.) 

Hie entire wod olip for 1894 is eetimsted to have hem 2,692,000,000 



The following etatistica of die Augtralian wool ezpott are given in the 
United States Consular Reports of June, 1890 : 



'^etorik SS6,T0S «»,«• 

Kev South W«lM 4SS,86S 44S,Baa 

Queensland ST,76S 8fi,ao« 

South Australia 118,666 14S,21S 

Weal Australia 21,170 24,837 

Tasmania 19,636 19,2S1 

NewZealand 207,023 210,265 

1,216,712 1,826,643 

The value of the clip in 1889-90 is placed at £21,253,188, or $103,- 
428,639. 

The number of sheep in the United States in 1891 is stated bytbe 
Department of Agriculture to have been 43,430,000. 

The number of sheep in the Argentine Republic for the year 1887 u 
given as 103,413,817. 

The number of sheep in all the Australian colonies in 1891 is reported 
to have been 114,628,301. 

The "wool book" for 1892 gives the following oompariaon of th* 
quaotities of wool manufactured in the United States, England, Fraiv^ 
and Germany at the dates stated : 



United Stat«9 (imported and 
home grownl 

United Kingdom (imported 
and home grown) 

Germany 



229,707,000 235,020,000 

313,000,000 I 369,000,000 
'190,119,000 ,*271,484,000 
no KturnB. •143,260,000 



,000,000 
•865,787,000 
•282,962,000 



470,000,000 
420,000,000 
840,000,000 



• Home grown not included. 
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-The statistics for the production of raw silk for the year 1890 
it the world are thus given in Dammer's " Handbuch der Chem- 
3hnologie," Bd. v. p. 30 : 



8,448,000 kiloB. 

660,000 " 

[ungary .... 245,000 

lAtes 154,000 

84,000 

nd 40,000 

etc 4,000 



t( 

u 



4,620,000 



II 



Asia: • 

China 11,000,000 kiloB. 

Japan 6,000,000 

East Indies 1,600,000 

Asiatic Russia 666,000 

Syria, Asia Minor . . . 571,000 

Persia 276,000 

Farther India 270,000 

MisceUaneous 100,000 



If 

a 

ii 
(( 



Total 20,872,000 



i( 



cports of raw silk from different Asiatic ports during the last two 
3 been as follows : 



1898. 
Kilos. 



a and Turkestan 133,000 

i (Shanghai and Canton) 6,945,000 

ti (Yokohama) 8,122,000 

I (Calcutta) 275,000 

Total exports from Asia 10,476,000 



1899. 

Kilos. 

240,000 

7,755,000 

8,480,000 

850,000 

11,775,000 



(Lyons Silk Merchants' Union.) 

tnportations of raw silk into the United States for the last five 
3 been as follows : 



7,974,810 pounds, valued at $22,029,068 
8,000,621 *' '♦ ** 26,246,902 

6,618,612 ** *' ** 18,496,944 

10,816,162 " ** " 81,446,800 

9,691,146 " ** " 81827,061 
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^^^^^ I. Raw Materials. 

^H 1. Animai, Hides and Skins.— The moist auimal skin imdei^ 

^V decoiupoeition veiy rapidly ; if dried betomea stiff aud liomy, or if boild 
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A. LEATHER INDUSTRY. 



The object of tanning is to bring 
arrested, 4M 



I 



with water is changed into soluble ghie. 
the animal skin into such a condition that decomposition 
after drying it no longer forms a stiff homy mass, but an opaque tissue in- 
soluble in water, distinctly fibrous and pliable. The product known k 
leather has properties which at once distinguish it from the untanncd hkl«, 
such as greater or less impermeability to water and toughnesB and strength. 
Nevertheless, the best autliorities on the subject believe tliat in the main 
tanning is a physical rather tlian a chemical process, and that the fiindioii 
of tlie tanning material is chiefly to penetrate the pores of the skin and 
envelop the individual fibi-es so that in dryiiig they are prevented from ad- 
hering and so stiffening flie whole mass. The power of the skins to fa 
tanning materials upon the surface of its fibres varies considerably acrord- 
ing to the nature of the material need, and in many grades of leather if 
undoubtedly supplemented by 

a chemical combmation of the 1 '" '" 

coriiu of the skin with the - -^ 

tannin. 

To understand the nature 
of the change wrought by 
tanning in the animal hide, it is 
necessarj' 6rst to refer briefly to 
its anatomical structure. Fig. 
96 shows a section of ox-hide 
cut parallel with the hair, mag- 
nified about fifty diameters. 
It consists essentially of three 
layers : the epideiinU, which is 
itself made up of two layers, 
the outer homy layer or cuticle 

k ^, a dead layer which is con- 

I tinually wearing off and being 

" renewed, and the inner mucous 

layer B, the rrfe Malpighi, a 

watery cellular layer, which 

rests upon the true skin and is 

>ntinually renewing the outer 

; the derma or corium, the true skin, O, which alone is the l 
g tissue; and tiie/atty undo- fta^ue, shown in the illustration St i) 



jc^P^i^^'N^S! 




BAW MATERIALS. 321 

lich the perspiratory and sebaceous glands are embedded. Both the epi- 
rmis ana the under tissue are removed in the preparatoir processes of 
oningy so that the corium alone remains to combine with the tanning 
aterials to form leather. The hair of the animal is enclosed in hair- 
leaths, which pass down through the epidermis and rest upon the 
dum, from which in life the hair-glands draw their nourishment. The 
)rium, or true leather-forming layer, is composed of bundles of inter- 
icing fibres, between which is found an albuminoid substance, coriin, 
rhich as the skin dries cements the fibres together and stiffens the hide. 
'his is insoluble in water but soluble in lime-water, and hence removed 
1 large part by the process of liming to which the hides are sub- 
litted. 

The animal skins which are utilized in the manufacture of leather are, 
iret, those of the ox, cow, buffalo, horse, etc. These are known as hid^s, or 
r from younger animals of the same kind as kips. Second, those of the 
alf, sheep, goat, deer, etc. These are known as skins. For special pur- 
OBes the skins of crocodiles, alligators, porpoises, and seals are also made 
ilo leather. 

The hides may come to the tannery according to the source whence ob- 
lined either as fresh or ffreen hides, — that is, direct from the slaughter- 
OQses, — as wet saltedy as dry salted, and as dried hides. In addition to the 
omestic production, great numbers of hides are imported into the United 
tates from the Argentine Republic and the Biver Plate in South America. 
iDgland imports from India, the Cape of Good Hope, and Australia as 
eU as from South America. Groat-skins for the morocco trade are brought 
ainly from India and the East. 

2. Tannin-containing Materials. — ^The conversion of the hides 
to leather is usually accomplished by the action of an extract or infusion 

tannin or tannic acid. This powerful astringent acid is very \videly dis- 
buted in nature, being found in barks, roots, leaves, seed-pods, flowers, 
d fruits, and in excrescences on trees. More accurately speaking, we 
d a nuinber of varieties of tannic acid in these different vegetable sources, 
which some are mure valuable for tanning than others. As a class they 
J readily soluble in water, amorphous, of slight acid reaction, and astrin- 
it taste. They yield with iron salts bluish-black or greenish precipitates, 
"ow gelatine and albumen out of solution, and change hides into leather. 

tfmning it is not necessary to extract the acid in a pure state, but in- 
ions are made from the powdered barks as needed, or concentrated ex- 
ctB prepared for this purpose are used. We will note briefly the more 
portant tannin-containing materials used at the present time in leather 
aufiustores. 

Oahiark. — ^The common English oak {Quercm Robur\ which includes 
( two varieties Q. peduncidata and Q. sessiliflora, is one of the most im- 
*tant materiak. It contains from twelve to fifteen per cent, of tannic 
i and produces an excellent quality of leather. Other varieties in use 

Quereua cocci/era (or kermes-oak), of which the bark, known as coppice- 
B, is yellowish-brown in hue and very rich in tannin ; Quercus suber (or 
k-oak) and Quercus Hex (or evergreen-oak), both of which are grown in 
^ers, Italy, Spain, and the South of France. In the United States the 
St important varieties of oak are Quo-cus prinus or castanea (chestnut- 
:) ; Quercus rubra (common red-oak) ; Qu^cus alba (or white-oak), 
e tannin of the several varieties of oak is known as quercitannic acid. 

21 
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According to the researches of Etti,* the main constituents of the oak-hark 
are querdtannic acid with the formula Ci7Hig09 ; its first anhydride, oUo- 
baphene, C^Hsfin; its second anhydride, C54H280ig; its third anhyaride, 
Oser^s oak-redy Cj^HjjgO,^ ; and its fourth anhydride, L^w^s oak-red, CjiH^O^. 
Of these, the quercitannic acid and the phlobaphene are specially concerned 
in the tanning process. 

Hendoch-bark. — ^The bark of the hemlock {Abies Canadensis) of Canada 
and the United States contains nearly fourteen per cent of tannin. This is 
extensively used, either jointly with oak-bark (union tanned leather) or as 
a substitute for it, in the manufacture of sole-leather. It is said to produce 
a harder leather than oak-bark, but less pliable and more pervious to water. 
A solid extract from the hemlock-bark containing from tii'enty-five to 
thirty-five [)er cent, of a deep red tannin is prepared in large quantities for 
export. The production of this solid extract is said to be at present con- 
siderably over ten thousand tons i)er annum. Liquid extracts \nth fifty 
per cent, of solid matter are also largely sold. 

Pine-bark is much used in Austria, Bavaria, and Southern Germany. 
It contains from seven to ten i>er cent, of tannin and considerable resinous 
extractive matter. It does not yield so good a leather as oak-bark. 

Closely related and somewhat used are the barks of the White Spruce, 
the Larch f and the Fir. 

Willow-bark. — Several s[)ecies of the willow, notably Salix arenaria and 
S. caprcea, are used in Bussia and Denmark for the tanning of lighter skinsy 
for the manufacture of glove leather and the so-called Russia leather. It 
is stated that the yearly consumption of willow-bark in Russia at present is 
some six and a lialf million kilos, against two and a half million kilos, of 
all other tanning barks. The percentage of tannin in the willow is usually 
given at from tliree to five |)er cent., although Eitner f found over twelve 
per cent, in sevenil sjKvies. 

Chest nut-wood, — The wood of the chestnut ( Ca8<a?if a vesca) contains from 
eight to ten j)er cent, of a tannin which closely resembles gallotannic acid. 
The extract, containing from fourteen to twenty i>er cent, of* tannin, is w^ 
largely to modify the color produced by hemlock extract and for tanning 
and dyeing. 

liorsvchestnut-h(irk. — The hark of the hoi'sechestnut (^Escuhis hippmi^ 
tanmn) is also said to be usch^I for the manufacture of an extract under the sim- 
ple name of " chestnut extract,'' but such manufacture in the United States 
is very doubt liil. 

Catci'hu (or Cutch) is the name given the dried extract from Acacia Oik- 
chu^ cultivated in India and Burmah, and containing forty-five to fifty-Hve 
})er cent, of a sj)ecial variety of tannic acid (catechu or mimotannic). The 
extract is evaporated until a semi-solid dark-brown product is obtained. This 
is ex|>()rt('(l in mats, bags, and boxes to European and American markets. 

(rfiinhirr or Gainhir (Pale Catechu) is the dried extract from the leaves of 
Uncdvid (idmhicr aud U. acida. It ccmtains thirty-six to forty percent, of a 
brown taunin which rapidly jxMietrates leather and tends to swell it, but taken 
alone produces a soft, ])()rous tannage; it is largely used in conjunction with 
other materials for tanning both light and heavy leathers. It is exporttJ 
from Singap(>re in pressed l)locks and culx^s. The catechutannic acid of cutch 



* AVtiixnor's Chemical Tcohnoloiry, 13th od., p. 1051. 
I V. ilohnel, I)i(i Gerberindc, p. HO. 
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and gambler difiTers from gallotamiic acid in giving a grayish-green precip- 
itate with ferric salt and no reaction with ferrous salts ; by giving a dense 
precipitate with cupric sulphate and none with tartar emetic. They also 
contain ccUechiji, which is said to be an anhydride of catcchutannic acid. 

Kino is an extract somewhat resembling cutch, and is the dried juice 
from a variety of plants. Thus, the East Indian kino is obtained from 
Pterocarpus marsupiurrhj the Bengal kino from Butea frondosa, the African 
from Pterocarpus erinaceum^ and the Australian from the several species of 
Eucol}fptu8. It ordinarily forms small angular fragments of black lustrous 
appearance, brittle, and crumbling to brown-red powder. It contains thirty 
to forty per cent, of a tannin (kinotannic acid) analogous to catechutannic 
acid, together with phlobaphene. 

Sumach consists of the powdered leaves, peduncles, and young branches 
of Rhus coriariay Rhus cotinuSy and other species of Rhus, Thus, Sicilian 
sumach, the most esteemed variety, is from R. coriaria ; Spanish sumach is 
from several sjiecies of Rhus^ and comes in three varieties, Malaga, Molina, 
Valladolid ; Tyrolean sumach from R, cotinus ; French from Coriaina myr^ 
tifolia; American from R, glabra, R, Oanadense, and R. copaUiria, The 
leaves are collected while the shrub is in full foliage and cured by dry- 
ing in the sun. They are then ground under millstones and the product 
baled. The sumach contains from sixteen to twenty-four per cent, of a 
tannin which seems to be identical with gallotannic acid. The American 
variety contains usually six to eight per cent, more than the European, but 
also contains more of a dark coloring matter, which renders it inferior to 
the Sicilian sumach for white leathers. 

Myrobalans (or Myrabolans). — ^The fruit of several species of Termw 
nalia found in Hindostan, Ceylon, Burmah, etc. Myrobalans varies in size 
from that of a small hazel-nut to that of the nutmeg. The tannin occurs 
in the pulp which surrounds the kernel. It is generally used in combina- 
tion with other tanning materials to modify the objectionable color which 
some of the latter impart to the leather. By itself it produces a soft and 
porous tannage. 

Valonia is the conmiercial name for the acorn cups of several species 
of oak, Quercus cegilops and Quercus maxirolepis, coming from Asia Minor, 
Koumelia, and Greece. They are of a bright-drab color, and contain 
twenty-five to thirty-five per cent, of a tannin somewhat resembling that 
of oak-bark, but giving a browner color and heavier bloom. It is generally 
used in admixture with oak-bark, myrobalans, or mimosa-bark, because of 
itself it produces too brittle a leather. 

Mimosorbark {Wattle), — The bark of numerous species of Acxicia {A, 
decurrens and A. dealbata) from Australia and Tasmania, contains from 
twenty-four to thirty per cent, of mimotannic acid. The bark comes into 
commerce chopped or ground and also in the form of an extract. It makes 
a red leather and is generally used in admixture. 

Dwi^ivi, — The seed-pods of Ccesalpinia Coriaria, a small tree found 
in the neighborhood of Maracailx), South America. The p(xls are about 
three inches long, brownish in color, and generally bent by drying into the 
shape of the letter S. It contains thirty to fifty j^r cent, of a |xx?uliar 
tannin somewhat similar to that of valonia, but is liable to fermentation. 

Quebracho, — ^This is the name applied Xo several South American trees 
possessing hard wood. They are AspidoHpeiina Quebracho (Quebracho 
bianco), Loxopteryffium Lorenizii {Quebracho Colorado), The wood and bark 
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of the latter contain from fifteen to twenty-three per cent, of a bright red 
tannin. Both the wood and the extract are used in tanning. 

NvJtgalls is tlie term applied to the excrescences on plants produced by 
the punctures of insects for the purpose of de|K)siting their eggs. The 
principal commercial kinds are oak-galls (or Aleppo galls) ana Chinese 
galls. The first of these are the product of the female of an insect called 
Cy^nipSy which pierces the buds on the young branches of the Quercus in- 
fedoria and other species of oak. In the centre of the ^11 thus produced 
the lar\'a is hatchecf and undergoes its transformation^ boring its way out as 
a winged insect in five to six months. If the galls are garnered while the 
insect is in the larval state they are known as " blue" or "green" galls; if 
the insect has cut its way out they are known as " white" galls, and are of 
inferior character and less astringent The best oak-galls contain fix)m sixty 
to sevent}' per cent, of gallotannic acid. 

The Chinese gallnuts are the product fix)m the Rhus semialaiay the leaves 
of which are punctured by an insect, the Aphis Chinensis. The nuts are of 
irregular shape but are very rich in tannin, containing about seventy prc^Dt. 

Knoppem are galls from immature acorns of several species of oak 
largely used for tanning in Austria. They contain from twentj'-eight to 
thirty-five per cent, of tannin. 

n. Processes of Manufacture. 

I^icather may be manufactured from hides or skins by a number of 
methods, which may be summarized, however, under three heads, — viz., 
tanning by the use of tannin-c*ontaining barks or extracts ; mineral tanninii, 
using either chromium salts to make an insoluble leather, or alum and sail. 
as in " tawing ;" and the manufacture of soft leather by treatment of the 
skins with oils. 

We will note first the methods involving the use of tannin-containing 
materials, and th(\si' again differ somewhat awoixling to tlie grade of leather 
to be made and the character of the hides or skins used. 

A, MANrFA(TUKE OF SoLE-LEATHER. — 1. Softening and Cleansing 
the Hides. — This pnKvss differs according as the hides are taken in the fresh 
or green state or are salted or drie<l. For fresh hides, a washing with pure 
water to cleanse them from dirt and blood is all that is necessarv' to pre- 
pare them for the next or " swelling" process. For salted hides, a soak- 
ing in fr(\sh water for from two to three days is ncH?essarv, while for 
hard dried liides a longer treatment is necessary, first in water which has 
Ik^cii re])eat(Hlly used for softening and afterwards in fresh water. This 
involves oftrn a slight putrefaction of the coagulated albumen of the lir}' 
hide. To control this and prevent injury to the corium of the hide a weak 
salt solution (five per cent.) is often used in this prolonged softening. 
"Stocking'^ or kneading the hides with heavy rolls or breaking weights is 
also neede^l for heavy hides which have Ix^n drieil. 

2. f'n/uiirinf/ dvd SirelTnuj, — These f>perations are carried out together. 
As the swelling procxx^ls th(» cells in whic-ii the roofed of the hair are emlxxldtJ 
are softened, so that the hair is easilv remnved bv mechanical means. The 
horny epidermis is similarly softeninl, so that it can be removed by the same 
means. Th(» swelling may he effeetcKl i)y several different methods : (1) hy 
sweating ; (2) by treatment with ffcid fnn-Hqnor ; (3) by liming ; (4) by treat- 

i with sulphides of sodium and calcium, etc. The sweating process now 
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I use is the so-called " cold sweating^' method, and consists in hanging the 
ides in a moist chamber kept at a uniform temperature of 60° to 70° F. 
15° to 21° C), so that an incipient putrefaction ensues which attacks the 
)ft parts of the epidermis and root-sheaths before materially injuring the 
>riuni or leather-forming material. This method is that generally followed 
»r sole-leather in this country and on the Continent of Europe, while in 
Ingland liming is more generally adopted. The swelling with acid tan- 
quor depends upon the action of the acids which are present in considerable 
oantity in old tan-liquors and their effect upon the connective tissue. 
he swelling and unhairing by lime always adopted for small skins is also 
3ed for sole-leather hides in England. A view of the lime-pits and skins 
I process of softening by lime as carried out in morocco tanneries is shown 

I Fig. 97. The action of the lime upon the hide is in part a solvent one. 
'he hair-sheaths are loosened and dissolved and the hardened epidermis 
veils up and softens, so that both come away more or less completely with 
le hair when scraped. The intercellular substance, or coriin, as before 
ated, is also soluble in the lime-water, and as this is removed the fibrous 
ature of the leather-forming skin becomes more evident. The hides are 
enerally put into several lime-pits in succession, in the first of which is 
Id liquor with the weakest alkaline reaction because of its partial satura- 
ion with organic material, and in the last the liquor is the freshest and 
trongest in alkaline reaction. The hides require to be turned and changed 

II position during this liming process as well as removed from one pit to the 
ther. The swelling and unhairing by the use of alkaline sulphides largely 
fled upon the Continent of Europe consists in taking a solution of sodium 
alphide (made from alkali-waste by Schaffner and Helbig's process) and 
dnging it to a thin pasty condition with lime. This is then spread upon 
he hair side of the hides and they are packed together for five to twenty 
tours, when the loosened hair and sulphide paste is washed off and the hides 
eft in water a time longer to " plump" or swell. Another process uses the 
alphide in solution only. The hair having been loosened by one or the 
ther of the* means just described, it is to be removed by mechanical means. 
iliis is usually done on the " beam,*' a sloping frame of wood or metal with 
, blunt two-handled knife, which pushes the nair downward and away from 
he workman. After the unhairing, the loose flesh and fat, the latter some- 
what saponified by the lime, are next removed from the inner side of the 
ide by a sharp-edged knife. Hand " fleshing" is in many cases superseded 
y machine treatment, as the hide must not only be scraped but worked to 
broe out the fat which remains in the loose tissue, as this would impede 
&nning. The hides after the fleshing are trimmed, and the inferior ends 
nd ediges are cut off with a sharp knife. They have still to be freed from 
he traces of lime which they have absorbed during the lime treatment 
efore they can be put in the tan-liquors. This used to be done for sole- 
sathers, as it is still done for calf- and goat-skins, by means of " bate," or 
lung of animals, mixed with water, but that is now almost entirely replaced 
y the use of dilute acids which shall combine with the lime, when the lime 
alts so formed are to be washed out. Dilute sulphuric, phosphoric, and 
ydrochloric acids have been used (the latter being best because its lime 
alt is soluble), as well as the acid tan-liquors containing gallic, acetic, and 
ictic acids. The organic acids are considered to be safer for the hide than 
he inoi^ganic. 

3. Tanning. — The bark or other tanning material must be crushed and 
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then gronnd to a state sufficiently fine to allow of the extraction of the tannic 
acid, and yet not so fine as to cause it to cake together in clayey masses. 
This is accomplished in bark-mills and disintegrators of various kinds, 
which need not be specially described here. The tan-house into which the 
cleansed and prepared hides or " butts" now come is provided with rows of 
pits running in parallel lines, which are to contain the butts during their 
treatment with the tan-liquor. The butts in most cases are first suspended 
in weak tanning infusions before they go into the first, or " handler," pits. 
The object of this is to insure the uniform absorption of tannin by the 
skins before subjecting them to the rough usage of " handling," which in 
the early stages of the process is liable to cause injury to the delicate struct- 
ure of the skin. During this suspension the skins should be in continuous 
agitation to cause the tannin to be taken up evenly. Both the suspension 
and the agitation are accomplished generally by mechanical means. From 
the suspenders the butts are transferred to the " handlers," where they are 
laid flat in the liquor. They are here treated with weak infusion of bark, 
commencing at about 15° to 20° by the barkometer (see p. 336), and are 
handled twice a day during the first two or three days. This may be done 
by taking them out, turning them over, and returning them to the same 
pit, or more generally by running them, fastened together, from one handler- 
pit into another. The treatment of the butts in the handlers generally occu- 
pies about six to eight weeks, by which time the coloring matter of the bark 
and the tannin should have " struck" through about one-thyxi of the sub- 
stance of the skin. Many of the butts will have become covered, more- 
over, with a peculiar " bloom" (ellagic acid) insoluble in water. They are 
now removed to the " layers," in which they receive the treatment of bark 
and " ooze," or tan-liquor, in progressive stages until the tanning is complete. 
Here the butts are stratified with ground oak-bark or valonia, which is 
spread between each butt to the depth of about one inch, and a thicker 
layer finally on top. The pit is then filled up \vith ooze, which varies in 
strength from about 35° barkometer at the beginning to 70° at the end of 
the treatment. For heavy tannages six to eight layers are required, the 
duration of each ranging from ten days at the oeginning to a month in the 
later stages. Each time the butts are raised they should be mopped on the 
grain to remove dirt and loose bloom. 

With the use of strong prepared extracts, especially with the aid of heat, 
the tanning process can be carried out in much shorter time than that just 
indicated, but the leather produced though hard is deficient in toughness 
and is liable to crack on bending sharply. 

4. Finishing, — The butts after coming from the last layer are well 
brushed, washed in a clear liquor, and then thrown over a horse to drain 
before going to the drying-shea. They are then frequentiy oiled lightiy on 
the gram so as to prevent too rapid drying out and hung on poles in the 
drying-loft. When about half dry, they are heaped upon the floor in piles 
and covered to sweat a little, which facilitates the operation of " striking," 
which next follows. 

The " striking," which may be done by hand \vith a two-handled tool 
with triangular blunt edges or by machinery, is chiefly for the purpose of 
removing the deposit called bloom, although it somewhat flattens and 
stretches the leather. Aft«r a little further (&ying the butt is laid upon a 
flat bed of wood or metal and is rolled either by heavy hand-rollers or by 
the aid of machinery. The leather is then sometimes colored on the grain 
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b a mixture of yellow ochre^ with size and oil to give a gloss^ and then 
shed again^ well rolled^ and dried off gradually in a room slightly 
med by steam. The main outlines of sole-leather tanning are summa- 
d on the accompanying diagram. 

B. Upper and Harness Leathers. — For upper and harness leathers, 
hides of cows and smaller oxen are chosen. Fresh hides are, moreover^ 
ch better adapted for this class of leathers than dry salted or dry "flint** 
es, as the utmost toughness and strength rather than hardness or weight 
to be secured. The hides are cleansed, limed, and unhaired very much 
ilready described for sole-leather. They are then " bated" in a bate of 

manure or treated with sour bran-liquor to completely remove the lime 
n the pores of the skin. The remaining portions of hair-sheaths and 
glands are at the same time so loosened that they are easily worked out 
a blunt knife on the beam. This final cleansing process is called "scud- 
g." The action of the " bate" is considered by the best authorities to 
1 fermentative one, and the weak organic acids produced neutralize and 
love the lime and at the same time soften the hide by dissolving out the 
iin and probably also portions of the gelatinous fibre. " Stocking** ia 
) used to assist in the softening and cleansing. These lighter tannages 
also carried out very largely by the aid of gambler in combination with 
k, valonia, mimosa, and myrobalans. The tanning liquors are often 
1 at temperatures of from 110° to 140° F. (43° to 60° C). The finish- 

of these light liquors requires much care in order to give them the 
per softness and strength. They are alternately worked with a stretch- 
•iron, or " sleeker,** and rubbed with oil or with a mixture of d^raa 

tallow. 

C. Morocco Leather. — This is generally made from goat-skins^ 
ough a cheaper variety is made from sheep-skins. The skins are softi- 
1 and then unhaired by lime, to which a small quantity of arsenic sui- 
te is often added, whereby calcium sulphydrate and sulpharsenite are 
luced, which assist in softening the hair-sheaths and in giving the grain 
gher gloss. A view of the unhairing machines and washing drums of & 
occo tannery is given in Fig. 98. They are then bated with a mixture 
log's dung and water, known as the " pure.** This is often followed 
I treatment with bran to aid in removing the lime from the skins. A 
idding** or scraping with a blunt two-handled knife on both the grain 

flesh sides then ensues to remove the last portions of lime salts and 
iminoid matters. The tanning was formerly done with sumach and 
bier, either in revolving paddle " tumblers,** as shown in Fig. 99, or 
rding to the English method, by sewing up the skins into bags partially 
1 with the sumach-liquor and then distended by air and floated in a 
B vessel of the same liquor. The bags are turned over constantly, and 
•wards piled up in heaps. The sumach solution is thus forced through 
pores of the skin, and the tanning is rapidly effected. The tanned 
s are thoroughly washed and " struck,** or scraped and rubbed, until 
3th. After thorough drying they are again struck until thoroughly 

and smooth. This sumach tannage has been replaced in this country 
)st entirely by the chrome tanning, to be mentioned later. 

D. Mineral Tanning or " Tawing.** — Skins may be converted into 
bstance resembling leather, although in fact essentially different from it, 
he action of alum and salt. There has been no chemical combination, 
ever, analogous to that formed by the gelatine and tannic acid in the 



330 ANIMAL TISSUES AXD THEIR PRODUCTS. 

Flu. 08. 




PROCESSES OF MANUFACTURE. 



33I| 



)rdiiiary tanning processes, as the gelatine, nlum, and salt can lie agaia| 
icparated bv trealiiient with water. 

The process of tawing is applied to goat, kid, sheep, and other small I 
ikins. The preltminarj' operations of steeping, breaking, liming, unhairing^J 
md fleshing, steeping in bran-water and working on the beam, are et 
'tally the same as liave l)een described already. The skins with the poreBjl 
cleared of lime and sufficiently opened are then pnt into a kind of woodes^ 
Irmn or "tumbler" such as are used for washing skins and for treating ' 
norocco leather skins with sumaeJi solution. For every hvo hundred skins 
onie twelve pounds of alum and two and a half pounds of salt with twelve 
'allons of water are used. 




The action is coiitiniu'd tin i - m '■. •mly, — alxjiit five mi^ute^, 

rhey are then put iut<t an emulsion of yolk of eg^ with floiir and water, 
,ad tramped and worked in this until it has been thoroughly absorbed, 
rhe skins are now hung upon poles to dry, after which they are stretched 
nd softened by drawing tfiera to and fro ujKjn the " stake," a blunt sted 
ilade set in upright position. 

" Combination tanning," in whicli the joint action of gambier and alutn 
s use<l, is also extensively followed. 

Very different from this kind of mineral tanning is that introduced 
vithin the last few years under the name of " chrome tanning." It de- 
letuls upon the power of chromium oxide (sesquioxide of chromium) of 
brming an insoluble compound with the gelatigenous fibre of the Liid& 
umisliiug a product which possesses in a high degree the ivater-proof 
iianicter desirable for leather. 

The process generally in use at present in this countrj' involves treatini 
he ekins at first n-ith a weak solution of bichromate of potash to whicl 
iofficient hydrochloric acid is added to lilierate the chromic acid (of cours< 
lickled skins may be used without the necessity of adding free 
ifter the sktns have taken np a bright yellow color through their entire 
exture they are drained and transferred to a bath of hj-posulphite of s 
o which some ai'id is added to liberate sulphurous acid, which reduces 
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' soft, A bran-drench follows to remove the lime, and they are worked 
hie beam. The surplus water having been removed by pressing, while 

moist they are oiled with fish, seal, or whale oil (to which some five 
cent of carbolic acid is often added). After being stocked for two to 
3 hours, shaken out, and hune up for one-half of an hour to an hour to 
ially diy, they are ^ain oiled and stocked, and this process is repeated 
1 the skins lose their original smell of limed hide and acquire a peculiar 
tard-like odor. The later dryings are frequently conducted in a heated 
1, and when the oiling is complete the skins are piled up, and the oxida- 
of the oil which has already commenced during the fulling and drj'ing is 
pleted by a sort of a fermentation, in which the skins heat considerably. 
; heating must be controlled so that the leather is not injured, and if 
ssary the pile of skins is turned. When the oxidation is complete the 
s are of the yellow chamois leather color. To remove the surplus oil, 
skins are again oiled, then thrown into hot water and wrung out. 
semi-solid fat obtained this way is the d^gras so much prized for curry- 
purposes. Or the whole of the uncombined oil is removed by washing 
i soda or potash lye and then set free by neutralizing with sulphuric 
The oil so obtained forms the " sod oil'^ of commerce. About half 
he oil employed is retained by the skin, and cannot be removed even 
K>iling with alkalies. No gelatine is obtained by boiling with water, to 
rh the chamoised skin is much more resistant than ordinary leather. 

skins intended for gloves, etc., are bleached like linen, by sprinkling 
exposure to the sun or with weak solution of potassium permanganate 
►wed by sulphurous acid. 

m. Products. 

1. Sole-leather. — This is the heaviest and firmest variety of leather 
luced. It is made from the heaviest and thickest hides, and is valued 
ts fine grain and toughness. It retains the whole thickness of the hide, 
no part is split off, so that it is not weakened by the loss of the flesh 

The tannmg process is protracted until the whole hide is of uniform 
r throughout and shows the completed action of the tannin upon the 
•ior of the hide. 

2. Upper and Harness Leathers. — These are made from lighter 
8, and are tanned for strength and flexibility rather than for weight, 
are finished with care to give it [perfect pliability. It may be shaved 
plit leather. The black color and finish are put on upper leather by 
ing it with a mixture of lamp-black, linseed oil, and fish oil, to which 
m and wax and a little soap have been added. This is brushed on, 
«red to dry, and then thoroughly rubbed in and the skin sized with a 

size. 

3. MoROCCX) Leather. — The true morocco leathers are manufactured 
1 goat-skins. A cheaper grade, known as French moroi^co, is produced 
1 sheep-skins. As they are to be dyed on one side only, two of the 
s are fixed face to face with the flesh side inward, so that the dye acts 
1 one side of each skin only. After dyeing the skins are rinsed and 
ned, saturated with linseed oil to prevent too rapid drying, and then 
ied by repeated oiling or waxing and rubbing with a glass " slicker." 

t. Enamelled or Fatent Leathers. — These are leathers finished 
I a water-proof and bright varnished surface similar to lacquered wood- 



work. Tho name •' enamelled" is geuerally applied when tlie leathers » 
iiitlshf?d with a roughened or grained siirfiu*, and " patent," or "japanned," 
when the finish is smooth. Thin and split hide are used. The skins after 
drying are prepared with a mixture of linseed oil and white lead and heatfd 
in elosetsto 160° F. (71° C,)or higher, then coated with a varnish of spirits 
of turpcn^oe, linseed uil, thick copal varnish, and asphaltum, and healfd 
again in cloaetts or " stoves," as they are termed. This varnishing and 
beating are alternated, while the surfiice is meanwhile rubbed smooth with 
pumice, until the desired thickness is acquired. 

5. Russia Leather. — This variety is peculiar in its characteristic odcr 
and ability to withstand dampness without any tendency to mould, both of 
which qualities it owes to the currying with the empyreumatie oil of birch- 
bark. In Russia the skins are tunned with willow-bark, but the imitation 
HiL'isia leather made lar^ly in Germany and England is tanned in the ordi- 
nary way with oak-bark. The birch-bark oil is rubbed into the flesh side 
of tlie tanned skins with cloth.s, care being taken not to apply so munhasto 
cause it to pass through and stain the grain side of the leather. The red 
color is given by dyeing with Brazil-wood or red saunders, and the diamond- 
shaped marking by rolling with grooved rollers. 

6. Chamok Leather is a soft felMike leather originally prepared from 
the skin of the chamois goat, but now made from other goat-ekius and from 
the " flesh-splits" of sheep-skins. In these leathers the grain has practiaiily 
been removed by scraping or " prizing" before the oil is applied, so that it 
is uniformly porous and soft throughout. They acquire a yellow color and 
a peculiar odor, although they are often bleached whiter by subsequent trtat- 
ment. (See preceding page-) The combination of oil with the hide mateB 
chamois leather very resistant to water and allows it to be washed without any 
change of nature, 

7. White-Tanned or " Tawed" Leather, — Skins to be tanned with 
the hair on, as sheep-skin rugs, etc., are always alum-tjiwe";!, ns well as light 
calf kid and glove leather. The glove leather obtained in this process has 
softness and considerable strength but is not thoroughly water-resistant, 
although the treatment with ^g-yolk and flour-paste which follows the 
alum treatment tends to give them somewhat of this charact*fr. 

8. Crown Leather. — This is a variety which is intermediate betffwn 
oil-tanned and tawed leather, being stronger than the first and more wnle> 
resistant tbau the latter. The hides are first tawed with the alum and salt 
mixture, then washed to partially dissolve out the tawing materials, ud 
now spread upon a table and tlie flesh side covered with a mixture of ist. 
ox-brain, barley-flour, and milk. They are then put into a revolving nim- 
bler and rotated for a time, and again rubbed with the fat mixture and r"- 
tated if necessary. The leather readily becomes mouldy, but seems to be 
strong and specially adapted for belting. 

9. Parchment and Vellum. — The firstof these is prepared from the 
skins of sheep and goats and the second from the skins of calves. The skins 
are washed, limed, uuhaired, and fleshed, again well washed, and then 
stretched either upon hoops or upon a square wooden frame called the herit- 
On these the skin while wet and soft is stretched thoroughly. It is thai 
scraped again free from the fleshy matters, the flesh side dusted over with 
sifted chalk or slaked lime and rubbed in all directions with a flat piece of 

lumice-stone. The grain side is also scrajiod witli a blunt tool and rubbed 
1th pumice. The skin is then allowed to dry on the frame m the shade, 
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care being taken to avoid sunshine or frost. Very fine vellums are prepared 
with the finest pumice-stone. 

10. DtoRAS. — ^Among the side-products of the leather industry is one 
which is quite valuable for after-use. D^ras, originally obtained only as 
a side-proauct of the chamois-leather manufacture, is now also made spe- 
cially on a large scale. The purest d^ras is essentially an emulsion of 
oxidized fish oil produced by soluble albuminoids. That which is squeezed 
out of the skins after the completion of the fermentation and heating, which 
makes the last stage of the chamois-leather manufacture fsee preceding page^, 
is the finest grade of d^ras. That which is recovered oy the aid ol caustic 
alkalies and after-liberation with sulphuric acid is the second grade (sod oil). 
The great demand for degras for currying purposes has led to the manufac- 
ture of it as a special industry. The skins used for this purpose are treated 
exactly as in the normal chamois-leather manufacture, but are used over and 
over until no longer capable of taking up the oil. An artificial d^ras has 
also been made from oleic acid, fat, ana a little lime soap to which some 
tannic acid had been added. 

Degras is of semi-solid consistence and has a peculiar odor. Its specific 
gravity is higher than that of fish oil, and after dehydrating is from 
0.945 to 0.955. Its characteristic constituent is the so-called d%ras-former, 
which in a genuine degras should range from twelve to twenty per cent. 
It is this which effects the ready emulsion with water. The d^gras-former 
is a brown resinous saponifiable substance, fusing at from 65° C. to 67° C, 
and is distinguished from fats in that it is not precipitated when in alka- 
line solution by salt and is not soluble in petroleum-ether. According to 
Fahrion, the d^gras-former is a mixture of oxy-fatty acids. 

IV. Analjrtical Tests and Methods. 

1. Qualitative Tests for the Several Tanning Materials. — 
H. R. Procter * has constructed the following table (see p. 337) showing 
the reactions of the several tanning materials. 

2. Determination op Strength op Tanning Infusions. — ^This is 
most rapidly and conveniently done in practice by the use of the specific 
gravity hydrometer. A special form of hydrometer constructed for tan- 
ner's use is known as a " barkometer." The zero point of the scale is 
taken by sinking the instrument in distilled water at 60° F., and the 10°, 
20°, 30°, etc., marks gotten by plunging the instrument in ten, tAventy, and 
thirty per cent infusions of bark respectively. The intermediate degrees are 
then obtained by subdivision of the spaces as taken above. It is of course 
affected by the presence of other substances than tannin in the solution, 
and hence its indications are only comparable when taken on fresh or par- 
tially-used liquors, and not on old or spent liquors loaded with impurities. 

3. Quantitative Estimation of Tannin. — Of the numerous pro- 
cesses that have been described for this purpose, the only one generally 
accepted as capable of sufficient accuracy is LSwenthaFs permanganate 
method. This depends upon the oxidation of the tannin, etc., by permanga- 
nate of potash in acid solution in the presence of indigo, which serves as in- 
dicator, as its oxidation shows the end of the reaction. As solutions of com- 
mercial tanning materials contain other oxidizable matters besides tannins, 

♦ Text-book of Tanning, pp. 112 and 113. 
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cent, those from the ox-hides thirty per cent, hare- and rabbit-skins and 
parchment trimmings fifty to sixty per cent, foot and tail pieces of oxen fif* 
teen to eighteen per cent, other scraps from the tanneries, such as ear-laps of 
jheep and cows, sheep's feet, etc., thirty-eight to forty-two per cent Scraps 
)f bark-tanned leather, such as shoemaker's and saddler's trimmings, are also 
ivailable after a special treatment for the removal of the tannin. (See p. 341.) 

2. Bones. — ^The bones contain on an average nearly one-third (32.2 per 
)ent) of their weight of organic constituents, extracted by boiling and con- 
certed into glue, which, however, is inferior in adhesive power to that pre- 
)ared from animal skins." The soft bones of the head, shoulders, ribs, legs, 
ind breast, and especially deer's horns and the bony core of the horns of 
lomed cattle, yield a larger quantity of glue than the hard thigh-bones 
ind the thick parts of the vertebra, which are principally composed of 
alcium phosphate and require a more prolonged treatment to extract the 
;Iue-making constituents. 

3. Fisu-BLADDER. — The inner skin of the air-bladders of the several 
^rieties of sturgeon and cod furnishes a very pure glue substance, which 
>n account of its purity is preferably used for culinary and medicinal pur- 
)ose3, and is known as " isinglass." It is inferior in adhesive power to 
lide-glue, but on account of its freedom from color, taste, and odor, and ita 
Jmost perfect solubility in hot water, commands a higher price. It is used 
or food preparations, for clarifying wine, beer, and other liquids. The 
hief proauction of isinglass is from the sturgeon in Russia, on the borders 
i{ the Caspian and the Black Sea. 

4. Vegetable Glue. — Certain species of algae {Plocaria iendx and 
others) found in Chinese and Japanese waters when cleansed and boiled 
^ield a product known under the several names of " Chinese isinglass" and 
* agar-agar." Of similar character is no doubt the "algin" recently ob- 
ained from Scotch algae by E. C. C. Stanford.* 

n. Processes of ManufSarCture. 

1. Manufacture of Glue from Hides. — The hide trimmings and 
iflal, if in the fresh state, must first of alKbe well limed, — that is. treated 
irith milk of lime in pits for a period varying from ten to forty days, ao- 
ording to the character and source of the hides, the lime being frequently 
•enewed. The lime softens and swells the hide-tissue, saponifies the fats, 
ind dissolves in large part the coriin, blood, and flesh-particles which do 
lot form glue. The glue-stock is then thoroughly washed free from the 
ime, lime salts, and dirt, usually by putting it in nets or wicker baskets 
^hich are suspended in running water. The liming also serves to preserve 
he glue-stock in case it is not to be immediately worked up. After wash- 
Dg it is spread out to dry. The lime scum from the pits is often utilized 
Q fertilizer manufacture. Caustic soda has also boon used instead of milk 
»f lime for this treatment. A short treatment with chloride of lime im- 
aediately after taking the stock out of the lime-pits has also been found to 
;ive the glue a bright color and excellent adhesive power. In recent years 
ulphurous acid has been used with advantage to cleanse and prepare the 
;lue-6tock, as it bleaches and at the same time swells the hide, at least as 
veil as can be done by the lime. 



>^ 



Soc. Chem. Ind. Jour., 1884, p. 297. 
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The boiling and conversion of the glue-stock into Bolution may be 
effected by heating with water or with steani. The older method vas, to 
place the glue-stock in lat^ kettles, but supported upon a talse bottom of 
perforated metal, and adding water to heat it by direct fire, WTien the 
whole quantity of water necessary to convert the hides, etc, into glue solu- 
tion is used at once, the drawbac'k is encountered that the gluten which firet 
goes into solution becomes altered bv the prolonged heating and lo«a its 
adhesive power. This can be ob\Hated somewliat by using successive smaller 
portions of water and drawing them off as they become saturated, but ihe 
last portions extracted are tiien darkened in color. The use of steam, either 
from closed pipes or direct steam from perforated pipes, greatly improvea 
the extraction, shortening the time required and improving the quallti' of 
the product. A form of boiler for this glue manu&ctured by the aid of 
steam as devised by Dr. B. Teme is given in Fig. 100. Direct high- 
pressure steam blown into cl(Ked 
vessels lias been found to be qoitf 
effective in rapidly melting dovQ 
the glue-stock and producing a 
concentrated solution. 

The use of vacuum-iiansand 
the extraction by steam under 
reduced prei^sure and at lower 
temperatures has also been foond 
very satisfactary in giving < 
good product in wliich the aobe- 
sive qualities of the glulen are 
in no way impaired. The solu- 
tion must be freed from any 
melted fat and lime soaps hf 
skimming and from suspenddl 
impurities by settling, by filtra- 
iiig through linen bags, or rfari- 
fviug by the use of bone-bl»ck. 
Tl»e addition of alum as Bwne- 
times practised has an injurious 
effect upon the adhesive uower 
Lif the product. The residue of 
tlie glue-sto<'k left unextrai-t«l is 
pressed out, dried, and sold M a 
fertilizer containing about fiwr 
per cent, of nitrogen. The clarified glue solution is poured into sliallo* 
wooden moulds some six inches in depth, in which as it cools it gelatbiMS 
to a brownish-yellow jelly containing from eighty to ninety per cent, of 
water. The block of jelly is then turned out ujwn a smooth table, pre- 
viously moistened to prevent adherence, and sawed by horizontal wins 
into thin slabs, which are again cut by vertical wires into stri|>s of ibe 
proiier width. 

The drying of tiie jelly is one of tlie most troublesome parts of the 
whole process, as it must take place rapidly so that the elue-raaking male- 
rial may not sjwil, as it is very prone to do wliile in the jelly form, Bwl. 
on the other hand, the heat should not exceed 20°C. (68° F.). 'it may take 
place with this limitation of temperature in the open air, it the air is o<A 
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K) moist or too dry, both of which conditions are unfavorable. It is now 
jnerally effected in drying-rooms in which a current of warm dry air at 
le rieht temperature is made to circulate. As the surface of the cakes 
ler drying is generally rough and dull, it is improved in appearance 
r moistening with warm water, brushing with a soft brush, and again 
•ying. 

2. Manufacture of Glue from Leather-waste. — Before at- 
mpting to boil the leather-waste to glue, the removal of all traces of 
nnic acid becomes absolutely necessary, since the retention of the smallest 
umtity prevents the animal tissue from dissolving in water. The waste 
ust therefore be comminuted as thoroughly as possible to facilitate the 
»mplete removal of the tannic acid. This is done frequently in the " hol- 
nder^' used for paper-pulp, and the washed and ground leather-waste then 
»ted in a pressui'e-boiler under a pressure of two atmospheres with fifteen 
jr cent, of its weight of slaked lime. Aft«r thorough washing the residue 
ready for use as glue-stock. 

3. Manufacture of Glue or Gelatine from Bones. — Two 
ethods have been followed for the extraction of gelatine, as the product 

generally called in this case, fi'om bones. The bones are either boiled 
laer pressure, or they are treated with hydrochloric acid to remove the 
Jcium phosphate and afterwards boiled for the extraction of the gelatine, 
he bones in either case are with advantage deprived of their tat first, 
hich is done either by heating them with water and steam in boiler-shaped 
3ssels, when the fat rises and can be skimmed off from the water, or in 
osed vessels with volatile solvents like petroleum-benzine and carbon di- 
ilphide. The older process of extracting the gelatine by boiling the 
)wdered bones with water under pressure decomposes a portion of the 
iluable material, and is now generally replaced by the method of treat- 
isnt with hydrochloric acid for the removal of the calcium phosphate, 
he crushed bones are placed in wooden vats with dilute hydrochloric acid 
r specific gravity 1.05 (forty litres of acid to ten kilos, of bones) and 
lowed to remain for several days. They are then placed in lime-water 
»r a time, well washed, and boiled eight to ten hours with a large excess of 
ater, or converted more rapidly into gelatine solution by the aid of steam, 
he resulting solution is filtered through cloth, bleached by sulphurous 
dde, and poured into forms to gelatinize. The manufacture of bone 
^latine is frequently combined with the fertilizer manufacture, as the cal- 
am phosphate extracted by the hydrochloric acid treatment contains from 
ghteen to twenty per cent, of phosphoric acid. The newer method of ex- 
acting the fat by volatile solvents yields five to six per cent, of fat with- 
it injury to the gelatine of the bones, while the older method of boiling 
it the fat yields from three to four per cent, only and tends to lessen the 
ield of gelatine. 

4. Manufacture of Fish Gelatine. — The swimming-bladders of 
le fish are taken and thoroughly washed in water from all fatty and bloody 
articles. They are then removed and cut longitudinally into sheets, which 
re exposed to the sun and air to dry, with the outer face turned down^ upon 
le boards of linden or bass-wood. The inner face of the bladders is pure 
inglass, which when partially dried can with care be removed from the 
liter muscular layer. The isinglass layer, possessing a silvery white lustre, 
. taken either in sheets, rings, or horseshoe-shaped strips, etc., bleached with 
ilphurous acid, and then thoroughly dried. 
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A product distinct from isinglass and known as fish glue is prepared bv 
boiling the skin and muscular tissue of fish, and more resembles ordinary 
hide glue in its adhesive properties, but is offensive in odor. It is prepar^ 
from the scales and skins of large fish like the carp by acting on them with 
hydrochloric acid as upon bones and then extracting with water. 

nL Products. 

1. Hide Glue is the variety which shows most strongly the adhesive 

{roperty, and hence is that manufactured for joiner's and carpenter's use. 
ts color may vary considerably without any impairing of its adhesive 
power. It is rarely perfectly colorless or transparent A gray to amber or 
brown-yellow color and translucent or partially opaque appearance is more 
usual. It should be clear, dry, and hard, and possess a glassy fracture. 
It should swell up but not dissolve in cold water, but dissolve in water at 
62.5® C. (144.5° F.). Inorganic substances (such as white lead) are inteo- 
tionally introduced into some varieties, such as the. Russian glue, without 
injury to their adhesive power. 

The variety known as " Cologne glue'* is manufactured from scrap hide, 
which after liming is carefiilly bleached in a chloride of lime bath and 
then thoroughly washed. 

^^ Russian glue," as stated, contains some inorganic admixture. It is of 
a dirty-white color, and contains from four to eight per cent, of white lead, 
chalk, zinc-white, or barytes. 

" Size glue'' and " Parchment glue" are both skin glues prepared with 
special care. 

2. ]k>NE Glue (or Bone Gelatine). — Bones yield a product of less 
adhesive power than the glue of skins and tendons, but when carefully 
worked the product is clearer and is free from oifensive odor. It is there- 
fore much used for culinary purposes and for medicinal applications, and for 
fining or clarifying beer, wine, and other liquids it has largely superseded 
isinglass. The gelatine thus used must, however, be absolutely tasteless and 
free from odor. 

Bone gelatine is now made use of verv*^ largely in the manufacture of 
gelatine capsules, et^'., for medic^inal uses, of court-plaster for applying to 
wounds, and of gelatine emulsions with bromide and chloride of silver tor 
coating tlie plioto<rraphie dry plates. Mixed with glycerine it makes an 
elastic mass used for printer's rolls, for hectographs, etc 

" Patent (xlue^^ is a very pure variety of bone glue of deep dark-bnnvn 
color. It is very flossy and swells up very much in water. 

:5. Isinglass (or Fisfi Gelatine). — This is the finest and l)est of ani- 
mal glues. The best isin^rlass should be pure white, nearly trans[)arent, «lry 
and iiorny in texture, and free from smell. It dissolves in water at from 
35° to r>()° C. (95° to 122° F.) without any residue, and in c<X)li«g ^\m\i 
produce an almost colorless jelly. The commercial varieties of isinghij^^ 
are the h*ussian (tlie best eoniin<i^ from Astrachan), North Ainerivan (or 3('«' 
York), E((sf LkVuih, HikIxoiih Ihijf, Bniziiian, and German (or Hniahnnj). 

4. Li(^uii) Gli E. — Hy the action of nitric or acetic acid upon a ^^^y 
tion of glue its power to gelatinize may be completely arrested while \^ 
adhesive power is not at all interfennl with. Thus, if one kilo, of glue i> 
dissolvnl in one litre of water and .2 kilo, of nitric acid of 36° B. Im? arl(W» 
after the escape of the nitrous fumes we have a solution that will not jrela- 
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inize on cooling, although it has the full adhesive ix)wer of the glue. Four 
arts of transparent gelatine^ four parts of strong vin^ar, one part of 
Icoholy and a small amount of alum will also yield an excellent liquid 
lue, 

IV. Analytical Tests ajid Methods. 

The nature of glue makes it rather a question of physical and mechani- 
al tests as to quality of a given sample than of chemical tests. 

1. Absorption of Water. — Thus the relative amount ofi water that 
given sample will take up when laid in cold water is r^arded as a moder- 

tely fisiir criterion of its quality. A weighed sample is laid for twenty-four 
lOurs in cold water (not exceeding 12° C. (53.4° F.) in temperature), and 
t the expiration of that time the excess of water having been poured off, 
lie jelly is weighed. Very good varieties (white gelatine prepared from 
ones) will take up thirteen times the quantity of water in gelatinizing, 
econd quality glue ten times, and inferior grades only about six times the 
mount of water. At the same time the consistency of the ielly formed must 
Iso be taken into consideration. A firm jelly produced by the absorption 
f a large quantity of water indicates a glue of the best quality. 

Two observations are of value in this connection : first, glue twice dis- 
dlved and again dried is capable of drying out more thoroughly and of 
bowing water-assimilating properties on redissolving more fully than glue 
btained by a single drymg ; and, second, that hide glue on taking up 
mailer quantities of water becomes very soft and more difficult to weigh 
ocurately than bone glue, which, with larger amounts of absorbed water, 
till forms a firm jelly. This difference in behavior alone is capable of 
iving an indication of the source of the glue. 

2. Inorganic Impurities. — The presence of inorganic salts, as in the 
ase of Russian glue, can be determined by the use of the appropriate 
eagents, and the amount also quantitatively determined. 

3. Adulteration of Isinglass with Glue. — Isinglass is sometimes 
dulterated by rolling up sheets of gelatine (bone gelatine) betAveen the lay- 
rs of true isinglass and drying them in this condition. 

Redwood and Letheby have observed that the ash of pure isinglass does 
lot exceed .9 per cent, while glue contains from two to four per cent of 
sh. An adulterated sample of isinglass gave Letheby 1.5 per cent, of ash. 

On heating with water, true isinglass gives only a peculiar fish or algae 
dor, while the adulterated isinglass gave a strong glue-like odor at once 
eoognizable. 
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STATISTICS. 

1. Impohtatiokb of Tanning Matebials dtto the UsTrED 
States. — 

Oamhier, or terra Japonica, •*'*■ ^***- ^*^- ^**- ^ _, 

pounds 29,022,203 82,388,264 81,840,S4& 42,834,690 S8,liS,<^ 

Valued at ^8,265 fl,108,611 f9&9,«)l 11,021,841 f!M,^Ji 

Sumac (ground), pounds. .12,179,208 13,482,041 18,688,088 8,801,236 \2,91i,^ 

Valued at (236,167 ¥232,670 1248,048 1120,206 flSt,)" 

2. Importations op Tanning Matesiaia into Gkeat Brttais.— 

m- 

!1,6» 
£84T,<B* 

£281,*'! 

3. Impobtations of Tanning Materials into Germant. — 

1S93. 18H. im. ISK. IBM. 

HelTlcIons. Uetrictoni. Uetrlctons. Metric tons. Metric lam- 

Catechu 6,719 6 

Divi-divi 6,633 4 

Gallnut« 2,418 S 

Mjrobalans . . 5,070 7 

Quebracho-wood . . 89,016 40 

Tanning extracts . . 9,246 II 





U8G. 


ISM. 


1897. 


late. 


Cutcb and gambler. Ions . 

Valued at 

Valonia, tons 

Valued at 


. 25,546 
. £666,120 
. 86,606 
. £896,948 


26,844 
£649,256 

31,606 
£819,798 


26,048 
£418,128 

29,687 
£800,824 


19,604 
£804,808 

26,882 
£270,802 



6,791 


6,487 


7,237 


9,316 




8,622 


2,462 


2,869 


2,497 


10,280 


10,884 


9,946 


81,497 


113,606 




17,472 


22,984 


38,969 
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4. United States Importations of Hides and Skins, Ra.w 
D Tanned. — 

1896. 1896. 1897. 1896. 1899. 

aUkins, pounds . . . 68,968,886 46,747,029 49,868,020 64,928,487 69,728,945 

Valued at $10,894,846 $10,804,896 $11,828,162 $16,776,601 $18,488,826 

I other skinfl, poundB. 170,977,644 163,660,982 166,282,824 180,861,129 197,861,806 

Valued at $16,067,104 $20,216,782 $16,684,864 $21,292,831 $28,499,717 

ins for morocco leather, 

valued at $8,728,266 $8,146,989 $3,716,269 $8,081,770 $2,466,882 

iper leather, valued at . $2,861,166 $2,884,268 $2,410,862 $2,210,987 $2,470,841 
}ve8 of kid or other 

leather, valued at . . $6,468,872 $6,768,082 $6,486,818 $6,884,168 $6,898,126 

The following figures of importations of goat-skins at the porte of 
3w York and Philadelphia, with localities from which they are Drought, 
ire presented to the " Morocco Manufacturers' National Association at 
eir annual meeting, July 11, 1895. 



ARRIVALS AT NEW YORK. 

1892. 1893. 1804. 1895. 

First 6 months. First 6 months. First 6 months. First 6 months. 

Skins. Skins. Skins. Skins. 

Mexican 987,872 910,201 896,400 778,000 

Texas and Mexican 

frontier 498,400 261,700 809,400 427,100 

Cura9oa 257,800 418,800 428,800 418,600 

Maracaibo, Rio Hacha, 

Porto Cabello, and 

Laguayra 69,500 68,600 70,800 60,800 

Brazil 1,504,200 1,281,200 1,871,000 1,618,700 

Buenos Ayres .... 486,200 273,000 694,600 873,200 

Pavta 146,600 409,760 478,000 208,800 

Oajaca 73,978 94,286 61,600 69,000 

West Indies 82,126 94,600 78,625 72,600 

Bogota 19,680 87,920 80,000 13,440 

Angostura 2,460 6,460 4,860 1,890 

European, Asiatic, and 

African 2,899,000 2,868,800 2,061,800 4,225,875 

Arabian 882,000 1,565,260 1,667,600 1,422,760 

Calcutta 2,868,600 2,614,000 2,152,600 8,497,000 

10,166,716 10,843,407 10,194,385 18,166,666 



AT PHILADELPHIA. 

European, Asiatic, and 

African 876,700 1,347,800 698,900 1,490,875 

Arabian 46,000 14,500 34,250 44,000 

Calcutta 689,000 804,600 167,600 862,000 



1,669,700 2,166,300 790,660 2,896,876 

5. United States Exportations of Leather. — 

18a5. 1896. 1897. 1898. 1899. 

le-leather, pounds . . . 45,364,849 41,818,508 38,884,814 37,813,019 87,120,912 

Valued at $6,919,872 $7,474,021 $6,510,404 $6,644,658 $6,280,904 

ff, grain, and upper 

leather, valued at . $6,038,940 $9,273,315 $9,107,058 $10,298,480 $12,853,996 

I other leather, valued at $682,241 $1,017,649 $813,798 $858,421 $1,090,674 
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6. Enoubh Ixpqbtatiokb of Hidbs. — 

1M& IBQS. 1M7. ISBBw 1899. 

Hides, dry, cwt. 491,647 869,068 566,687 542,454 446,285 

Valued at £1,168,767 £906,427 £1,418,166 £1,465,806 £1,148.652 

Hides, wet, cwt 771,188 604,728 688,668 694,057 764;240 

Valued at £1,660,869 £1,819,601 £1,886,988 £1,460,260 £1,641,514 

EngUA ExporiaUons of Lealher, — 

1806. 1808. 1807. 18001 1899. 

Leather, unwiought, cwt 169,087 188,069 167,892 169,899 156,002 

Valued at £1,422,747 £1,279,702 £1,889,811 £1,422,608 £1,478,294 

• 

7. Exfobtahonb of Glue fbom the United States. — 

1806. 1808. 1807. 18001 UB8L 

Glue, pounds 1,178,828 1,760,470 1,400,868 2,818,711 2,868,067 

Valued at $114,498 $166,980 $182,581 $209,441 $222,072 
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CHAPTER XI. 

INDUSTRIES BASED UPON DESTRUCTIVE DISTILLATION, 

Destructive distillation has been defined as " the decomposition of a 
abstance in a close vessel in such a manner as to obtain liquid products." 
t must be observed here that the word product is used to indicate some- 
bin^ not originally present in the substance distilled. A body may be 
btamed in the liquid distillate which has merely been driven over by heat 
nd which already existed in the original material in physical or mechani- 
al admixture. Such a body is, to speak exactly, an edud and not a p'oducL 

The substances which are submitted to destructive distillation are in the 
oain solids, as most classes of liquids are capable when heated with care of 
'olatilization without decomposition, although such liquids as fatty oils, 
;lycerine, etc., are decomposed if distilled under normal atmospheric press- 
ire. (The cracking of petroleum is another illustration of destructive dis- 
illation of a liquid purposely brought about.) With solids, on the other 
land, it is the exception rather than the rule to find one capable of melting 
nd vaporizing unchanged in composition when distillea under normal 
tmospheric pressure. The same solid, moreover, if of at all complex molec- 
ilar composition, may decompose quite differently and yield different sets 
>f products according to the conditions which govern the distillation. The 
ttost important of these modifying conditions is that of temperature. " Low 
emperature" distillation and " high temperature" distillation as practised 
ipon the same material (wood or coal, for example) may yield quite differ- 
nt results. The physical condition or mechanical subdivision of the sub- 
tance also has an influence, although a subordinate one, upon the nature of 
he products. Solids, upon the destructive distillation of which important 
ndustries are founded, are wood, coal, shales, bones, and animal refuse. 
The distillation of shale has already been considered in connection with the 
oineral oil industry. (See p. 27.) The otlier industries will now be 
loted in succession. 

A. DESTRUCTIVE DISTILLATION OF WOOD. 

I. Raw Materials. 

1. Composition of Wood. — The wood which is to be destructively 
listilled is composed, we may say in general terms, of woody fibre and 
)lant-juice or sap, which is an aqueous solution of the substances, both 
litrogenous and non-nitrogenous, which serve as the food for the living 
)lant. The woody fibre is made up primarily of cellulose, which is in part 
'hanged into " lignin," as the incnisting substance is called. In percentage 
composition this latter substance differs from the pure cellulose in contain- 
ng more carbon and less oxygen and hydrogen. The amount of incrusting 
naterial varies, being more abundant in hard and heavy varieties than in 
ight and soft kinds, and wood which contains it in the largest proportion 
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gives the most acid and naphtha on distillation. The amount of water 
present in wood also varies not only according to the season of the year, but 
abo quite widely in different woods cut at the same season. Thus, the 
following table of Sehubler and Hartig shows the percentage of water of 
different trees taken at the period of minimum amount : 



Per cent of water. 

Beech 18.6 

Willow 26.0 

Maple 27.0 

Elder 28.3 

Ash 28.7 

Binh 80.8 

White hawthorn 32.3 

Oak 84.7 

White fir 87.1 



Per cent of water. 

Horsechestnut 88.2 

Pine 89.7 

Alder 41.6 

Elm 44.5 

Lime 47.1 

Lombardy poplar 48.2 

Larch 48.6 

White poplar 50.6 

Black poplar ... «... 51.8 



2. Effect of Heat upox Wood. — ^The effect of heat upon wood in 
the absence of air is a matter which is to be carefully noted as throwing 
light upon the results obtained in destructive distillation. It of course dif- 
fers radically from the result of heating with free contact of air. Violette 
found that when wood was carefully and slowly heated no decomposition 
occurred under 150° C, water only being given off; between 150° and 
160° C. the loss was two per cent, of the weight of tiie water-free wood; 
between 160° and 170° C., 5.5 per cent; between 170° and 180° C, 
11.4 per cent, and so on until at 280° C. 63.8 per cent, of volatile prod- 
ucts had betm driven off and 36.2 per cent only of the water-free wood 
remained in the retort. The products given off in this period of heating 
between 150^ and 280° are the valuable liquid products known as pyrolii^- 
neous acid (acetic acid and its homologues), wood-naphtha or methvl alcohol, 
methyl acetate, acetone, furfurol, the mixture of phenols known collectively 
as " wcKxl-creosote/' and other bodies of empyreumatic and tarr}' odor. 
These bodies differ, as will be seen later in very important respects, from 
coal-tar products. Above 280° C, the decomposition proceeds soraewhat 
differently, hydrociirbons, both gaseous and liquid, being formed. The ad- 
ditional pereentage of loss by weight between 280° and 350° C. is only 
6.5 per wnt. of the water-free wo(xl, but it makes from eighty to ninety 
volumes of gas. The dei^^mposition continues from 350° to 430° C, 
when the total loss by weight amounts to eighty-one per cent of the water- 
free woikI. The products obtained within these limits of temperature are 
largely solid hydrocarbons like paraffin and high temperature products like 
Ix^nzone and toluene, naphthalene, phenol and cresol. From 430° to 
1500° C. the additional loss of weight is only 1.7 per cent. We may sum 
up these results by saying that three periods may be distinguished broadly 
tor this dec^omposition of wood by heat: first, from 150° to 280° C, tlie 
peri(Kl of watery acid pnxlucts ; sec»ond, from 280° to 350° C, the perii« 
of iras(^ous pnxlucts ; and, third, from 350° to 430° C, the period of liqwJ^ 
and solid hydrtn^arbons. Violette found also great difference in the re- 
sults according as the temperature was slowly raised or as the w(X)d was 
rapidly brought up to a higher heat. Thus, one hundred parts by weight 
of wo(k1 slowly heatcnl so that the temjx^rature of 432° C. was only reaclim 
after six hours left 18.87 parts of charcoal, while one hundred jiarts of 
the siime W(hk1 put into a retort previously heated to 432° C. left; only 8.96 
piu*ts by weight of charcoal. 
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n. Processes of Manufacture. 



1. Dktillation of the Wood. — The primitive methixl of distilling 
id dcrvifed by tlie charcoal-burners, in which the wood was [tiled up in 
je heaps covere<l in by clay and turf so as to form a circular dome-shaped 
and, is still tollowed in some haivily- wooded districts. Of course the 
rcoal is the only product sought in this case, and the gaseous and liquid 
ducts of the distillation are allowed to eseajie. In Russia and Sweden 

charcoal -buruing in mounds is now frequently combined with the col- 
ion of the tar, which as it condenses is made to flow through inclined 
jghs, and is drawn off from below. In this way the valuable birch-bark 

(see p. 334) and kienoel (Russian turpentine oil) are obtained. For a 
per collection of all the products of the destructive distillation of wood, 
rever, it is essential that the distillation be carried out in retorts provided 
h proper condensation apparatus. These retorts may be either set in 
Izontal or vertical position, and may be either fixed or cnpable of re- 
val for emptying and re-charging. It is found convenient in large works 
ere it is desirable to carry on the distillation continuously to have a aeries 
torts connected with one and the same condensation apftaratus and 
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it«d bv the same flues. Such an arrangement of retorts is shown in Fig. 
I. This arrangement allows of the removal and re-charging of a single 
ort without interrupting the working of the others. The boating should 
conducted slowly at first so that the maximum yield of the low tem- 
ratare products, acetic acid and methyl alcohol, may be obtained, then 
1 until the gas comes off freely, and at the end of this stage of 
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the <lecr»nip<>siti«.in again .strt-n^hened to drive over the high temperatare 
pnxliict-? f.-hara'.teristic of the la.st peri^xl of distillation. As the maximun 
teniiKTature nt-j-dcJ is beyond the record of the mercur}' thermometer, a 
i>vn imetf-r i-an Ije u.seil or a small bar of metallic antimonv wliich melts at 
43*2- C. taken as indicatnr. SujK-rheated steam has also been used as a 
m».-ans t.tf a«f urately Cijntrolling the application of heat in the distillation, 
and it is .-^aid that tht^ majority of Euroj>«in works manufacturing chan-oal 
fi»r gun[j<»wdt'r puqnises use this method of distillation. The liquid which 
nms otf fn.»m tht* Ci»ndfnser is at first wax-vellow in color, but becijines 
dark-ctjloretl, reildish-brown. and eventually nearly black and quite turbid. 
^\'hen all«»we<l to stand at rest it s^xjn separates in two sharply distind 
layers, — the h>wer one of a thick tar, dark or perfectly black in color, 
and the up|K'r one. which is much the larger in amount, is the crude p^TO- 
hVne«»us acid and is reddish-yellow or reddish-brown in color. A light 
film tji' oil rtften covers, in part at least, this waterj' layer and represents 
the benzene hydn>carl>ons produced. We have alreadv noted the fiurt that 
the yield uf liquid j)ruducts was affected greatly by the temperature nsaA 
for distillation. Different varieties of wood aJso vary somewhat in the 
results obtained, even when distilled under the same conditions of tempera- 
ture. This is illustrated in the following few examples : * 



Charcoftl. 



o 1 V V ' 'I'Avlv h»':itvd 

( rap:dly h«:atea 

u- I r >lowlv hfat«;d . . 

( mpidly ht.Mtt.'d 

, < 'I'Wiy h»:il»-d . . . 

( nipi'Uy h»:it'Mi . . 

r». ( >l(.'\vlv hf:lt'.'«.l . . 

rill'; < • n 1 .1 



Tar. 



'™^F^£§S2ftSJ 



L'»;.7 


5.9 


' 1 

45.8 


5.2 


21.9 


4.9 


39.5 ! 


8.9 


21M> 


5.5 


45.6 


5.6 


21.5 


3.2 


39.7 


4.4 


34.7 


3.7 


44.5 


4.1 


27.7 


3.2 


42.0 ' 


3.4 


30.. 3 


4.4 


41.0 


2.7 


24.2 


9.8 


42.0 


2.4 




21.7 
33.8 
19.7 
35.6 
17.2 
27.0 
24.4 
24.1 



J3i^'<'h-\\«MM:1 and folia^ro tni*s in general yield distinctly more acid than 
coniferous tnrs, but tlio liittcr vit'ld more* tar of terebinthinate character. The 
filinrcs jjfivoii above, it must \h} rememlxrcil, however, were gotten inexpen- 
mrMits with small ])ortions. In practice, working with larger quantities, the 
yield of several at' the pnKluets is notably laiger. The yield cf woi>d-5pirit, 
or iiietliyl alcoli<»l, varies from five-t<»ntli.^ to one |kt wnt. of the weight of 
the dry wood. 

Tlie emptying: of the retorts, if d(>ne as intendeil while the charcoal i» 
yet ^rlowinir, involves the use of air-tiirht pits into which the charcoal t^fln 
be emptied from the retoii:< and immediately covenH.1 with moist eharo>aI- 
pf>w(l«r to previ'iit lo<< by eombiistion. A form of ap|)tiratus for distilling 
the sawdii'-t s«» aimndantly prodiie(Kl in wood-working pnK'csses has Ix^ndt*- 
vised l)y Halliday, of Salford, Kuirlaud, and is said to work siitisfactorily in 
pnietiee. It is shown in Fig. 10*2. It consists of a horizontally plarf"^! 
evlindrical retort, ^1, within whieh revolv(\s an endless screw, B, The saw- 
dust is re;:iilarly f«'(l in through the veilieal pifH? (\ and falling up>n tk 
screw is kept moving at a uniform s|>eed along the entire length of the 
heate<l retort. At the farther end the vapors and gaseous products of the 
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distillation escape tbrotigh ao ascending pipe. A' leading to the condeDserJ 
wliiJe the powdered charcoal drops through the pipe I) into water, where i( 
is at once qiietiched. 

A general viewofiheproducis of the distillation of wood and their Bub-1 
se<]uent treatment is given in the accompanying diagram taken from Post* 

2. Treatsient a>d Purification of the Crtjiie Wood- vinegar. — 
The brown aqneous solution jioured oft' fram the tarry layer (see above) has 
s strong empyreuraatic t>dor, and contains, besides the acetic acid, methyl 
alcohol, acetone, and homologous ketones, allyl alcohol, homologues of acetic J 




■od (bucH as formic, propionic, butyric, and valerianic acids), methyl acetat& 
acetQte of ammonia and of niethylamine, aldehyde, furfnrol, phenols, and 
other emp\ reumatic and tarrv bodies. It is not used in its crude condition 
ex«?pt in the prepamtion i>f the crude pyrolignite of iron (irorir-liqiutr) or ia 
limited amount for impr^nating wood. The first step towards purilicatioa 
IB to separate the luxM-naphtha (the fraction containing the methyl alcohol 
acetone and methyl acetate) from the wood-tnnegar (crude acetic acid), which 
■s done by distillation Two procedures are possible here. Either to neii- 
traliiie the crude pyroligneous acid with milk of hme and then distil off the 
x-olatile constituents only, using an Iron still, or to distil the crude pyro- 
li^ieous acid from a copper still without neutralizing with lime. In the 
Armer case, while the wood-naphtha distils off, the tarry impurities of the 
4:rude pyroligneous acid remain witli the lime salt in the still, and on eva[H 



• Poet, Chem. Tochoologie, p. 7& 
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oration a dark mass is obtained known as ^^ brown acetate of lime.'' In 
he latter case, after catching the wood-naphtha distillate, the receiver is 
hanged and the crude acetic acid is also collected freed to a considerable 
xtent from tarry matter, so that on neutralizing with milk of lime and 
vaporating the product is a lighter salt known as ^^ gray acetate of lime." 
Che latter process is now more generally in use. The solution of the cal- 
ium acetate is evaporated in iron pans ; the phenols and tarry products 
rhich volatilized with the acetic acid separate largely as scum and may be 
kimmed off, so. that 'the residue of the evaporation is much purer than the 
»roduct of the otb^i method mentioned above. 

If the broVrn abkate of lime has been obtained and is to be further 
rorked for acetic acod^'it is found necessary to roast it at a temperature not 
xceeding 260® Q.' so as to drive off as much of the tarry impurity as pos- 
ible without decomposing any of the acetate. If, on the other hand, the 
Tay acetate is taken, it is distilled from copper retorts with concentrated 
queous hydrochloric acid, taking care to avoid an excess. The acetic acid 
iistils over between 100° and 120® C, is clear in color and has only a 
light empyreumatic odor. Its specific gravity usually ranges from 1.058 to 
.061, and it contains about fifty per cent, of pure acetic acid. If some 
^ater is added with the hydrochloric acid so that the distilled acetic acid is 
lore dilute it tends to give a purer product, as the liberated acetic acid can- 
lot decompose any of the calcium chloride before coming over. A good 
proportion is said to be one hundred parts of acetate of lime, ninety to 
inety-five of hydrochloric acid of 1.160 specific gravity, and twenty-five 
larts of water. The acetic acid so obtained has a slight empyreumatic odor. 
.t may be freed from this by distilling with from two to three per cent, of 
)otassium bichromate, or by filtration through fi'eshly ignited wood charcoal. 

The brown acetate of lime usually contains about sixty-eight to sixty- 
line per cent, of pure acetate, while the gray acetate contains from eighty- 
ive to eighty-six per cent, of true acetate. 

In recent years it has been found practicable to prepare pure acetic acid 
from the crude pyroligneous acid by making the sodium salt instead of the 
[ime salt. The sodium salt allows of purifying by recrystallization, and 
can also be fused without decomposition. Glacial acetic acid is generally 
made by distilling the anhydrous and fused sodium acetate with concentrated 
sulphuric acid. 

Rohrmann has recently developed a process by which it is possible to 
make ninety per cent, or even glacial acetic acid direct from the crude acetate 
of lime in one operation. He uses a column still provided with Lunge- 
Rohrmann plates, over which concentrated sulphuric acid is made to trickle. 
This meets the ascending acetic vapors and aehydrates them. They pass 
over into a condenser, while the empyreumatic vapors are drawn off by a 
vrarm-air current which connects with the column. When hydrochloric 
icid is used to decompose the acetate the resulting acetic acid can be brought 
to eighty per cent. ; when sulphuric acid is used, one hundred per cent, acid 
can be obtained. 

3. Purification of the Crude Wood-spirit. — ^The wood-spirit 
forms the first fraction when the enide pyroligneous acid is distilled, and 
unounts to perhaps one-sixth of the latter in bulk. It is usual to collect, 
bowever, until the hydrometer reading of the distillate, which begins at 
ftbout .900, has risen to 1.000 or a little beyond. This distillate forms a 
{leenish-yellow liquid of unpleasant odor and contains many impurities 

23 
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liesidES the acetone and methyl atvtate, the chief siil>stain*s which are pres- 
«nt »ith the methyl alcohol. Milk of lime is firet added and allowed to 
MtaaA with the liquid for several hours. The mixture heats up quite dts- 
tinotly iis the lime enmhims with any free acid and begins to df(TJni[wiH' the 
methyl aeetate aud uther ethereal compounds of acetic acid, small quantities 
of antimoaia often being giveo oS', It is then distilled by cuimectin^ it with 
ft ofdumn rectifying apparatus. (See p. 220.) The distillate thus obtained, 
of about .816 spetific gravity, is colorless at first but gradually darkenf \o 
floW, and if diluted with water becomes milky from separated oily hydro- 
carbons and ketones. It is tlierefore diluted down with water to about .93d 
^eoiti<: gravity and allowed to stand until this oily impurit)' rises to the ti^ 
inadi.stinct layer. The diluted spirit is again distilled over lime once or | 
twice with a rctTtjfying wilumn and so brought to ninety-eight or ninety-iuiie , 
per cent, stn'ngth. The acetone impurity, however, is not removed by anj J 
of these rei'tiK<.iitions, as the boiling-point of at^tone (56.4° C.) and metb^ ; 
alcohol (55.1° C.) do not allow of tlieir separation in this way. To re- 
more the acetone a number of methods have been proposed. The methyl 
alocdiol may be converted into the solid chloride of calcium compound, or 
the oxalate of methyl and the acetone having been removed by careful heal- 
i]^ the methyl compound is decomposed by water or alkali. Or the metbyl 
sloMiol is distilled over chloride of hme, which reacts with the acetone to 
fbmi chloroform. The passing in of chlorine in order to convert tlie aoebioe 
into bigh-boiliug chloracetones, which are tiiai separated from the metiyl 
alcohol by distillation, has also been proposed. 

4, Treatmbnt op the Wood-tar. — The tar which has separated fiwo 
tlie crude pyroligneous acid by settling, and that which has risen and betn 
skimmed oW in ute neutralizing of the acid, are united and submitted to dis- 
tillation in horizontally-placed iron retorts, which ore set at a slight inclina- 
tioo. At first acid-water comes over, then light oils, and finally heavy oils 
until no more will distil. The pitchy re»due is run out while hot, so tlat 
it does not adhere to the walls of the retort The relative amounts of the 
several fractions from the tar depend upon the nature of the wood used in 
the original distillation and upon the way that distillation has been canied 
out Hard woods usually give a tar which, according to Vincent, wboi 
redistilled yields as follows : 

Aqueous distillate {wi>od-apirit and pyroligneous acid) . . 10 to 20 per CCoL 
Lighter oily distillate (specific gravity .066 to .977) . . . 10 to 1& " " 
Heavy oily distillate (speciflc gt»vi^ 1.014 to 1.021) ... 16 " " 

Pitch ... .GOtoW " " 

The oily distillates are washwl with weak soda to remove adhering ttH 
and theu carefully rectified, when the oils coming over under 160° C are col- 
lected forsolventaudvaruish-making purposes, those between I5O°and2S0° 
C. collected as creosote oils, and those above 250° C. used for bunung oiU 

The creosote oil, which is the most valuable part, is thorou^ly agitated 
with strong caustic soda solution, the aqueous layer drawn o£^ mixed with 
sulphuric acid, and allowed to stand for a time at rest, when tJie creoeote 
oil sejiarates out. This is best driven off by steam distillation and a^ai" 
rectified finally from glass retorts. 

Stockholm tar, so largely used in ship-building, is the product of a nide 
distillation of the resinous wood of the pine. 

North Carolina pine-tar is also the product of a distillation of the i«oe. 
The billets of pine-wood an- piled in heaps like a diaicoal-bumer's iBOUoi> 
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though not so large, covered in with clay and turf, and lighted &om the 
top. The resin or tar distils downward and runs off through inclined 
troughs previously fixed for it. It is obvious that the composition of both 
the Stockholm and the North Carolina tar differs notably from that of 
wood-tar distilled in retorts from hard woods. This composition will be 
referred to later. 

BEL Products. 

1. Pyboligneous Acid and Products therefrom. — The crude acid 
as obtained in the distillation is a clear liquid of reddish-brown color and 
strong acid taste, with a peculiar penetrating odor described as empyreu- 
matic, and now known to be due largely to the furfurol it contains. It 
possesses a specific gravity of from 1.018 to 1.030 and contains from four 
bo seven per cent of real acetic acid. Pyrolig^nite of iron (iron or black 
liquor) is a solution of ferrous acetate with some ferric acetate, prepared by 
acting uj>on scrap-iron with crude pyroligneous acid. It forms a deep- 
black liquid, and is concentrated by boiling to 1.120 specific gravity, when 
it contains about ten per cent of iron. It is extensively used by calico- 
printers. Brown and gray ojcetaJte of lime have been already referred to. 
Other technically important acetates are lead acetate (sugar of lead), used in 
the preparation of the alum mordants and the lead pigments ; copper acetatey 
the basic salt of which is known as " verdigris ;" aluminum acetaiey the 
solution of which is used in calico-printing under the name of " red liquor." , 

Pure acetic acid is a colorless acid liquid with pungent smell and taste. 
It crystallizes when chilled in large transparent tablets, melting at 16.7° C, 
whence the name "glacial acetic acid." Its specific gravity at 15° C. is 
1.0553, and it boils under normal pressure at 119° C. 

2. Methyl Aixx)Hol and Wood-spirit. — As before stated, crude 
wood-spirit is a complex liquid and contains many impurities. The per- 
centage of real methyl alcohol may rise to ninety-five per cent, but more 
generally ranges from seventy-five to ninety per cent. Some impure wood- 
oaphthas go much lower, however, than this. A large percentage of 
acetone does not interfere with its use as a solvent for resins and for var- 
oish-making, but does interfere with its use in the aniline-color industry, 
where a very pure methyl alcohol is needed for the manufacture of dimethyl 
aniline. The methods of freeing methyl alcohol from the two chief im- 
purities, methyl acetate and acetone, have already been referred to. Pure 
methyl alcohol has a purely spiritous odor, a specific gravity of .7995 at 
15° C., and boils at 55.1° C. It is miscible in all proportions with water, 
ordinary alcohol, and ether. 

3. Acetone. — ^This substance is of interest as always produced in the 
distillation of wood, and hence present in the crude wood-spirit. The 
acetates yield it as the chief product when submitted to dry distillation, and 
the vapors of acetic acid distilled over porous baryta at a temperature of 
from 350° C. to 400° C, it has been found by Dr. Squibb, will also readily 
yield acetone. One hundred kilos, of forty per cent, acid will give from 
twelve to thirteen kilos, of acetone. At present it is made on a large scale 
by distilling the gray acetate of lime in iron stills provided with mechanical 
agitation at a temperature of about 290° C. When purified, it is a color- 
less liquid of peculiar ethereal (xlor and burning taste, and, like methyl 
alcohol, is miscible in all proportions with ether, alcohol, and water. It is 
an excellent solvent for resins, gums, camphor, fats, and pyroxylin, or gun- 
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OTitton. It dr^< n* -t lorm a cnmpiiuiKi with <lrr calcium chloride, and ran 
thu^ be ^icrati=il t'D>ra m^thy! aloi*hol when in admixture with this latter. 
Chlorine and itxiine in the pnesenct- i^f an alkali rvaec with acetone to form 
chlon>t«:»nn and i«:J*.»i*"rm. 

4. L'HFj.rst/TK. — Wi.-J-tar ore«T«5i>te is a strongly refracting liquid, whidi 
is f-iilorkre whtrn trv:?LIy distilltd but gradually acquires a yeUow or brown 
CT*I<>r. It has a smi>ky ap>matio «. Jor, which is very persistent and is quite 
distini't fn»ni that **t carU.iIii* ai.*id. It has a specific gravity ranging from 
iJj:*/) to lJ.»^*.», and bulls Urtween '2}.^'^ and 220° C It' is a i)o\\orfiil 
antL^pti*'. and Ls larjrirly us«:*d to preserve meats, etc. It differs fn»m ciial- 
tar 'Tv^jcji't*:- in oi»ntainin;r nlativtrly little o.»mmon phenol (carbolic acid) 
ami r» l:uiv»-lv lan^- am<.»unts y*t' hiirher |>henoLs such as phlorol, Cgll^OH, 
guaiaiv.l. 4 ;-H-<J.C>H. and oretiS*:.l, C\H,O.OH. 

•>. Paraffink. — This mixture of solid hydrocarbons, as already ijaid, 
ficcur* in ih*- liiirher Uiilinir distillate gi.itten fn^m wood. It is of intcrtrst 
tt» nt-all that i<irartiiio was first diso)vered by Reichenbaeh in beech-wiK)d 
tar. At prest-nt. hi.iwtver, the extraction of paraffine from wood-tar is not 
to \p' till 'Ugh t t'f Ur-ause **( the cht-apnessof its produi*tion from petn»leum 
and hitiiniiuMUs shales. It has bet-n aln:iidy described under the cliapteron 
Petndi'uni. ^Si-e p. 31.") 

»i. ("HARf* »AU — We have alreadv shown in the table of results of slow 
and rapi<l distillation of w<x»d (see p. 3.W) that the relative amount of char- 
coal iKjiends ujH.n the manner of heating. Ixnng larger with gradual appli- 
cation «if lu'at and smaller with rapid heating. The pn")perties and chcniii-al 
citni|><i>iti«»n of the than^al are similarly dependent ujH»n the tenijKrature 
t«» wliirli tin- w.hhI is lit."at«.-il. AVtM^ is >tat*d to lH.'<N»nie bruwn at 2liO^ C. 
at '2^n- ('. it Uinnu-s a dttp l)n»\vnish-bla«k ami U'gins to l)e frial>l(\ and at 
31n- ( '. torni-i an e:L<ily friaMt- hhu-k mass taking tiiv «-asily. That pn |)jin J 
at liiLilit-r ttniiH-raturfS is hanli-r and Kss nadily i-initt-^l, and it t'vtntually 
l^Minn.- LTi-apliitir and rinu^s with a nutallir sound whfu struck. TlH'ac<'«.m- 
panviii;^ taldc* from VioKtt*' sln»ws tin* irratlual «*liange in the n»nijH>sition 
of clian-oal preiumJ at ditUivnt tfiniK-ralurfS fi\>m the same kin«l of w^kA 
(lm<ktli<)ni : 
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IV. Analytical Tests and Methods. 

1. Assay of PYKoi.KJNKors Acid and Crude Acf:TATK<.— Tb 
crudr pvndiiiiH'ous a«M<l, as lu'ton' stated, contains from four to st'Von Jht 
('<'nt. ot' n-nl a^^-tic arid. Its strciiirtli may he asrertaininl by titi*ati<»n witli 
standard alkali, usinu" phcnol-plitlialr-in as an indicat(H\ If tho liquid i> 
too dai-k to allow of tln' end n-action Immiiij: readily S(vn, it (tin Ik* dilutt"d 
Bulli<;i('ntly, as the reaetiou will still be suliiciently delicate. In the aU-^n^'e 
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f sulphates in the sample, the acetic acid can be determined by addine 
xcess of pure precipitated barium carbonate to the solution, filtering, and 
etermining the barium in the filtrate by the aid of sulphuric acid. 

As the pyroligneous acid is largely converted into calcium acetate in the 
rocess of purifying, the analysis of the brown or gray acetate of lime as a 
^mmon commercial product becomes of some importance. This commercial 
oetate may contain from sixty-five to eighty per cent, of true acetate of lime, 
rith carbonate of lime, so-called " tar-lime," and empyreumatic matter as 
bief impurities. The acetic acid determination may be made by different 
lethods, but the most accurate according to the experience of the author is 
le distillation method, as suggested by Stillwell and Gladding. One gramme 
f the sample of acetate of lime is placed in a small distillation bulb or flask 
dth a long neck, a little distilled water added, and then a solution of five 
rammes of glacial phosphoric acid dissolved in ten cubic centimetres of 
"ater. The flask is then heated to distil off the acetic acid, care being taken 
) avoid spurting and mechanical carrying over of any of the phosphoric 
3id. When the contents have nearly gone to dryness, some twenty-five 
ibic centimetres of distilled water are introduced and the distillation re- 
eated. If this is done some three or four times, the distillate will be found 
> be free from acid reaction. The combined distillate is then brought to 
efinite volume and titrated with decinormal soda solution, using phenol- 
hthalein as indicator. 

2. Determination of Methyl Aloohol in Commercial Wood- 
i>iRiT. — But one method, and that not capable of the most accurate working, 

at present available. Five cubic centimetres of 'the sample of wood-spirit 
re allowed to drop slowly upon fifteen grammes of phosphorous di-iodide 
laced in a small flask of some thirty cubic centimetres capacity. This is con- 
noted with an inverted condenser and cooled externally while the reaction 
ikes place. Five cubic centimetres of a solution of one part iodine in one 
irt of hydrogen iodide of 1.7 specific gravity is then added and the mixture 
»ntly digest^ for a quarter of an hour, when the condenser having been 
irned doAvnward the iodide of methyl formed is distilled off. It is col- 
cted in a graduated tube divided into one-tenth cubic centimetres, washed 
ith some fifteen cubic centimetres of water with vigorous agitation, allowed to 
ttle, and the volume read off. Five cubic centimetres of pure and perfectly 
ry methyl alcohol should give 7.45 cubic centimetres of iodide of methyl. 

3. Determination of the Acetone in Commercial Wood-spirit. 
-This may be done by either the Kraemer and Grodzki gravimetric method 
• the Messinger volumetric method, both of which depend upon its quanti- 
tive conversion in the presence of iodine and caustic alkali into iodoform. 
1 the former case, one cubic centimetre of the sample of wood-spirit is 
ixed with ten cubic centimetres of a double normal solution of caustic 
da (eighty grammes to the litre), and to the mixture, after thorough a^rita- 
3n, is added five cubic centimetres of a solution containing two hundred 
id fifty-four grammes of iodine and three hundred and thirty-two grammes 
' potassium iodide to the litre. The iodoform which st^parates on agitation 

dissolved by the addition of ten cubic centimetres of ether free from 
oohol. An aliquot portion of the ethereal layer is then pij)ette(:l off into 

tared watch-crystal, and the iodoform remaining after eva|K)ration is 
eighed. Three hundred and ninety-four parts of iodoform correspond to 
[ly-€ight parts of acetone. More accurate is the Messinger volumetric 
rocess. In this, twenty cubic centimetres (or thirty cubic centimetres in 




tnd leas carbonaceous residue than utbtTS which may contain less hydrogen 
and more carbon, — approaching anthracite in comjtosition. 

Chiang and Non-cokiiig (.bah are quite similar in chemical comi>osition ; 
the coking varieties contain lew vulatile matter, however, than tlie non- 
coking ; the latter do not possess the property of fusing to a compact 
" cokj"" mass, but retain their original form, and yield a coke which has no 
commercial value unless it is obtained from large pieces of the coal. 

Canjiel Cbal is much more com|)act than gas or coking coals, duller in 
appcarani^, possessing a grayiah-black to brown color, and burning with a 
clean candle-like flame. It does not soil the hand-s, and is not readily frac- 
tured. It is capable of taking a high polish, and can be cut or turned into 
articles for use or ornamentation. Canncl coal occurs in lai^ quantities 
in West Viiginia, and nc«r Gla^ow, Scotland, in Lancashire, England, and 
at other localities. Destructively distilled, it yields a lai^er amount of 
volatile matter and ash, with much less coke, tlian the bituminous coals. 

Brown 0>a(, or Lir/nile, appears to occupy au intermediate position be- 
tween the bituminous coals and wood. It retains tlie ligneous structure of 
the material from which it is formed, — lienre the name Lignite. The v^e- 
table remains in a great many cases are quite distinct. The color varies from 
yellowish-brown in the earthy, to black in tiie more compact, coal-like 
varieties. The percentage of carbon contained is low, fifty to eighty per 
cent, though rarely exceeding seventy per cent., while the hydrogen is from 
4 to 6.85 per («nt. Oxygen and nitrogen are present in variable quan- 
tities from 7.59 to 36.1 per cent The ash in good qualities is low, in 
earthy specimens is high, in many cases exceeding fifty per cent. Lignite 
does not yield coke. Aside from being utilized as fuel in the several local- 
ities where it is found, for both domestic and industrial purposes, it has 
been distilled for volatile constituents In Saxony, 

Peat, or Turf, occurring in lai^e areas in Ireland and in some parts of 
Europe, consists of the decayed remains of certain forms of plants. It has 
been, according to Mills, destnictively distilled for tarry productf, the in- 
dustry, however, being no longer profitable. 

The following tables, taken from the Reports of the Second Geological 
Sur\'ey of Pennsylvania, show the analyses of some of the more important 
wirietiea of American gas coals, coking coals, and non-eokjng, or block 
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Idd of Gas, Oil, etc., frtm Shales and Coals at High and Low Heats. 



'i 

i 

3 



Gas 

Ammonia-water 
Tar or oU ... 
Sulphur .... 
Water at 2120. , 



( Fixed carbon 

)ke •< Sulphur . . . 

lABb 



Good Sualbs. 



High heats. 



18.66 
3.65 

11.04 
0.90 
2.82 



4.16 

1.05 

62.64 



82.15 



67.86 



)ke (dnr) per ton of shale 

or coal 

)eciflc gravity of shale or 
COftl 



100.00 



1,520 lbs. 



Low henti. 



2.54 

6.47 

17.65 



10.81 
62J58 



26.66 



78.84 



BooBKAD Goal. 



High heati. 



87.82 
2.48 

20.65 
0.18 
0.80 



61.88 



100.00 



1,642.2 lbs. 



1.818 



9.01 

0.06 

29.55 



Low beats. 



4.88 

8.28 

50.29 



12.40 
29.'25 



88.62; 

i 

100.00: 



68.86 



41.65 



100.00 



865 lbs. 



984 Ibe. 



1.224 



Gas Goal. 



High heats. Low heats. 



20.49 
8.09 

17.08 
0.29 
4.15 



45.00 
0.84 
9.56 



45.10 



54.90 



6.49 

7J24 

26.45 



49.93 

I . . . 
9.89 



100.00 



1,280 lbs. 



40.18 



59.82 
100.001 



1,840 lbs. 



1.296 



KoTE.— The low heat resulto were gotten by distilling the sample In a two-inch iron tube in a gas- 
Dtoe. 

Lunge (Coal-Tar and Ammonia, 2d ed., p. 17) states that "The quan- 
y, and to a much greater extent the quality, of the tar are influences by 
e temperature at which the decomposition of the case is carried on. Low 
uperatureSy with nine thousand cubic feet of eas per ton of coal, will 
eld, with some coals, sixteen gallons of tar ; whilst at high temperatures 
e yield \vill be but nine gallons, with about eleven thousand cubic feet of 
8, from the same coal/'* If the temperature being a comparatively low 
e, mostly such hydrocarbons are formed as belong to a paraffin (methane) 
ries, having the general formula C^Jl^^ + „ along with tlie olefins, C„H2n. 
le lower members of this series are liquid, and, furnished in the pure 
ite, are lighting and lubricating oils ; the higher ones are solid and form 
Diinercial paramne. They are always accompanied by oxygenized deriva- 
'68 of the benzene series fphenols) ; but of these the more complicated 
es predominate, in some ot which methyl occurs in the benzene nucleus, in 
lers replacing the hydrogen of hydroxyl, — e.g., cresol, CeH^(CHJ(OH) ; 
aiaeol, C,H,(OH)(OCH,) ; creosol, C,H,(CH,)(OH)(OCH,), etc. Liquid 
oducts prevail ; and among the watery ones acetic acid (which is again 
!ompound of the fattj' series) is paramount. Of course also permanent 
368 are always given ofl^, though in comparatively small quantity. 

If, on the other hand, the coal has been detx)mposed at a v(»ry high 
nperature, the molecules are groui>ed quite differently. Whilst the 
rfins and members of the ac(?tylene series still occur more or less, the 
drocarbons of the paraffin series disappear alniast entirely ; and from 
?m are formed on the one hand comiKjunds much richer in carlx)n, on the 
ler hand more hydrogenizt»d bodies. The latter always ocxnir in the gas- 
iis state ; hence the gas so prodnoed (X)ntains methane, or marsh-gas, CH^, 
d free from hydrogen as principal con.stitnents, and is very much increased 

quantity. The carbon thus set free is jmrtly deposited in the retorts 
^mselves, and then occurs in a very compact graphitoidal form ; another 



* Davis, Journ. Soc. Chem. Ind., 1886, p. 5. 
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portion of the free carbon occon in ft sIbatB of eztremehr fine division in 
the tar, and forms ft constitnent of the pitdi or.ooke remaining bdiindfrom 
tar-distilling ; another portion contribntes to ibe fimnation of compoundi 
richer in cartxm^ bel<Himig to the ''aiomatio'' serieSy all of whu^ are de- 
rived from benjsene, C^Bf. At the same time the action of heat effects 
further molecular ^' condensations^" usually with separation of hydrogen, 
fay whidi process compounds of a higher molecular ^wei^rt; are formed^ as 
naphthalenci anthracene, phenantiiren& dirysencL etc The never absent • 
oxygen must also in this case cause the formation of phenols ; but here 
phenol proper, or carbolic add, CMJOH), predominates^ whilst cresol and 
the other homdogues are dimmicuiea in onantity, and the dtozy-beDxenes, 
as well as their methylated derivatives, oisappear altogether. The above 
will be better illustrated by the statement (from Stohmann-^Kerl's ''Chemie^" 
3d ed., vi. p. 1162) that Zwickau glance coal yielded the following quite 
different products, according to whether it was put into a cold retort and 
gradually brought to a red heat (a), or distilled quiddy from a very hot 
retort (6) : 

a. b. 

Coke e0.0 50.0 

Water 10.7 7.7 

Tar 12.0 10.0 

Gas and loss 17.1 82.1 

The tar from (a) consisted of photoraiy paraffine oil^ lubricating dl, ^ 
parafiSne, and creosote ; that from (6), of beolBene, toluene, naphthalene, an- |]^ 
uiraoene (together with heavy oils corresponding to the paraffine and lubri- 
cating oil), and much creosote. 

inie annexed diagram, constructed by S. B. Boulton, and published in L 
the Society of Chem. Ind. Journal, 1885, p. 471, represents the whole pro- '• 
cess of the destructive distillation of coal, including the subsequent treat- u 
ment of the main fractions, and exhibits in their proper order the various \ 
products obtained therefrom. 
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n. Processes of Treatment. 

1 . Gas-retort Distillations of Coal. — ^The distillation of coal as 
carried out in retorts differs from distillations of other substances mainly in ^ 
the apparatus employed and in the nature of the substances to be recovered. J 
For gas purposes, retorts, wherein the decomposition of the coal used takes 1 
place, are made use of, which were originally constructed of cast iron, about ' 
one inch in thickness, twelve to fifteen inches in width, and about seven feet 
in length, closed at the rear end, and provided at the front or mouth with 
a heavy shoulder or rim supplied with studs to which is attached a cast-iron 
extension, technically termed the " neck," which carries on its upper side a 
flange to which is secured upright pipes serving to lead the gases generated 
away from the retort. The front of the neck is provided with a sorew- 
clamp to retain the lid or cap of the retort in position. Iron retorts are 
destroyed with great rapidity ; the destruction being caused by the heat of 
combustion of the fuel used, the sulphur m the gas coal (an impurity always 
present in more or less quantity), which acts, forming sulphide of iron, and 
ihe carbon, which, as a carbide of iron, graphitic in appearance, forms layers 
within the retort from one to two inches in thickness. The oxygen of the 

also has a very deleterious influence, especially upon retorts when heated 
dness. 



1 wben carbonUcd by the usual method for the 



The dlTiet piodiiett of Uie de«d oils are arranged at nearly at poerfble aeeording to 
their retpectlTe TolatUttlci; and to the order- In which they come oyer Drom the itiU. 
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[n later years fire-clay retorts have been substituted for those made of 
iron, for the reason that they are more durable. These retorts are made 

mixture of clay and sand, and are furnished to the gas-works in several 
•es, the semi-cylindrical being the one most generally employed. The 

vary, six to nine feet in length, fifteen to twenty inches in width, and 
i ten to fifteen inches in height being the average, and take a charge 
ne hundred and fifty to two hundred pounds of coal. Retorts have 

made up to nineteen feet in length, being charged from both ends. 
The retorts, varying in number from five to seven, or even nine and more, 
nounted in brick furnaces of special construction, in such a manner that 
yases of combustion of the coal will pass around and over the retorts 

out through a main flue leading to the chimney. The fuel employed 
be either coal, coke, or a mixture of both. Gras as a means of firing 
been used for the purpose, the method being based upon the well-known 
nerative system of Sir William Siemens. 

The retorts are charged by hand, care being taken to evenly distribute 
x)al over the sole, or bottom, and to close it quickly. Various attempts 
3 been made to perform this laborious work with mechanical means, but 
resent no entirely satisfactory substitute has been found. 
The products of distillation pass from the retorts proper through the 
:, and upward through cast-iron dand-pipes, which are provide with 
e-neck outlets, dipping below the surface of water in what is termed the 
^aulie main. 

It is in this part of the process that the main bulk of the tar is ob- 
ed, together with the ammonia-liquor. The hydraulic main is provided 
i an overflow-pipe through which all the tarry matters pass. This 
•flow-pipe leads to the tar-well, wherein the liquid products collect. 
The gas having been freed from the tarry matters, etc., contained, passes 
1 the hydraulic main with a considerably elevated temperature, carrying 

vaporized state hydrocarbons that would separate as its temperature is 
?rea. It is necessarily very important to remove these volatile and con- 
jable products, which is effected by causing the gas to pass through a 
» of pipes, which reduces its temperature very close to that of the atmos- 
T. The older form of condenser was a series of pipes completely cov- 

with water, similar to the worms as at present employed in connection 
I spirit and other distillations. This arrangement was replaced, however, 
the forms now universally employed, and known as the atmospheric 
lensers, consisting of vertical pipes connected in pairs near the top by 
ight or curved pieces ; the lower end of the upright pipes being con- 
ed to a box or trough containing water, divided by partitions, causing 
gas to pass up and down alternately, as shown in Figs. 103 and 104. 
ry matters and more ammoniacal liquor are again obtained, which finds 
vay to the tar-well. 
The gas afler circulating through the condensers still contains impuri- 

which are removed by passing it through an apparatus known as the 
hber, consisting essentially of (^vlindrical wrought-iron towers filled with 
3, over and through which trickles a light flow of water, or better, weak 
noniacal liquor ; the gas passing upward, meets this downward flow of 
id, and to it gives up the hydrogen sulphide contained, with the forma- 

of ammonium sulphide, etc. Tarry mattei's again are separated, and 
ime cause the coke to become somewhat clogged. This apparent draw- 
k has led to the introduction of perforated iron plates in place of the 
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coke, or, what baa also proved equally efficient, woodejj lattice screens. 
AndersuD's rutatin^ scrubber consists ot brushes, which while rotating dip 
intu a trough of aiumoniacal litjuor, and thereby perform functions similar to 
the means above mentioned. Another form of scrubber consists of a tower 
contoinihg fast-iron plates provided with perforationa, 
through which ammoniacal liquor passes in its down- 
ward course, meeting the gas. The liquid is contin- 
uously pumped to the top, when it again passe 
down, coming in contact with fresh gas. This is 
repeated until tlie liquor has taken up sufficient am- 
monia to make it available to the ammonia sulphate 
manufacturer. From the scrubliex the gas passes on 
to the purifiers, where the hydrogen sulphide sliU 
remaining, carbon -di sulphide vapor, and the carbonic 
acid are removed. The purifiers ordinarily used con- 
sist of a large shallow box, constructed of cast iron 
in sections, and bolted together, or of wrought-iron 

Slates, provided with a cover, tlie edge of wbidi 
ips in water contained in a channel provided at the 
top of the box, acting as a seal and preventing the 
escapeof gasat that point, as shown in Fig. 105. The 
purifying agent generally employed is slaked lime, 
which is spread upon wood screens, within the box, 
from four to six in number, one above the other, and 
supported by ledges. Hydrogen sulphide and carbon 
dioxide are absorbed by the lime, while compountls 
of cyanogen are at the same time decomposed. 

Four purifiers are generally used, three being in 
service, while the fourth is reserved cliarged with 
fresh lime. Gas enters the one containing the oldest 
lime, and when it is notic^ that lead-ai«tate paper 
is discolored by some of the gas acting u]ion tt, it is 
known that the purifjnng material is saturated ; iLis 
purifier is discontinued, and the freshly -charged une 
placed in service. In this manner they are con- 
tinually rotated. 
Ferric hydrate (hydra ted ferric oxide) is also laraely employed in gas puri- 
fication, — Laming process. Gas charged with hydiy^en sulphide euming in 
contact with the above causes a reduction to ii-rrous sulphide, at tlie sami 





uime some sulphur is deposited, with the formation of walcr. This process 
loes not abiHirb tlie cjirlKin dioxide from tlic gas; for thin puriK)se lime 

B mixed with the ferric hydrate, together with some cinders or sawdust, in 
Porder that the whole may be porous, and resist as little as possible the i«s- 

" B of the gas. When the purifying action has ceased, simply expoang 
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die inert mixture to tlie action of the air for a while restores its prt)i>erties, 
uodl ailer repeated use it becomes so cliai^od with separated sulphur that 
it is DO longer available. 

The introduction of free oxygen into the gas, previous to it entering the 
purifiers, has been found to lengthen the time during wiiich the oxide of 
iron can remain witliout Ix^ng changed, thereby saving much handling. It 

Fio. 105. 



1 




has also improved the illuminating power of the gas. (Joum. Soc, Chem, 
Ind., vol. viii. pp. 84 and G'M.) 

From the purifiers the gas passes through the meter of the works, 
where the volume is roistered, then on to the gas-holders, ivhere it is stored 
and from which it is distributed. 

The fbilowing table illustrates the composition of illuminating gas 
taken from various stages of manufacture : 





Bntering 


"IS-" 

•cruliber. 


Gnlering 
purifier. 


Entering 
purtfler. 


l,?f 


Carbi'iiic oxide 

Hmvt bydrocarbonfl 


37.97 
39.78 

7.21 

4 19 

4.B1 

0.81 ■ 

B.72 

i.oa 

0.95 


37.97 
88,81 
7.16 

i.m 

4.99 
047 
3.87 
1.47 
0.64 


37.97 
88,48 
7.11 
4-46 

a.8s 

0.16 
S.S9 
0.66 


a7.ri7 
40.29 
3.93 
4.66 
7.88 
0.48 
8.83 
0.36 


87.97 
89.37 
3.97 
4.29 
9.99 
0.61 
0.41 




Cafbou dioxide 

ADimonia 



2. Coke-oven Distillation op Coal. — The burning of coke in pits, 
" mcilers," or mounds, represents the first rough and wastefiil method of 
converting bituminous cmJ into coke; involvintr, at the same time, the 
total loss of all the volatile matter of the coal. It allows, however, of tljc 
smothering the finished coke with fine dust, instead of requiring it to 1 
quenched with water, as in other methods. The so-called "bee-hive" ovens 
allow of the volatilizing of a much greater amount of sulphur in the coal, 
and give a decidedly increased yield of ooke over the pit-burning method. 
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Tfce charge t«n 1>g riin tlirougli, t(*o, in lo.'*s than half the time. Si>me air i* 
•dmitlL-d in both cases, with t-onsoqueiit lone of coke, and no atiemirt is 
Budo tu save tlie residunia in eitlicr case. 

The distillation of coal in o\'cns differs materially from the older meiliods 
of pri.>diietion in piles or kilns in that the inflnmniablG gases given off ore 
to Bome extent utiliated. 

The AppoW» ovm eoiisists of a si-ries of vertacal retorts built, frencrallT, 
in two rows, enclosi-d l\v briek walls. Eaeli retort ia siimiiiudcd in* air- 
■paeos which are in communication one witli the otiier, and with the insiJe of 
each retort. It is witliin this air-space thnt combustion of the gases p■ne^ 
ate<l liv the decomposition of the coal owurs ; air having been pcrriiitiol 
to enter through openings for the purpose. The l>ottum of each ix-tortis 
provided with a lai^ door, which ia opened to permit the charge of finislied 
ooke to fall into a pit built for the purpose. 

The CoppSe's oven is mainly employed in the coking of finely-tlivided cjuL 
The shape of each chamber is long, slightly tapring, to facilitate the t^ 
moval of the coke, narrow, and of a height e<|nal to about three times the 
width. The gaseous produi-ts pass from the oven through vertical Haes, 
bmlt in the widls dividing the ovens, which upi'n into horizontal flues uaia 
Mfh cliamber, thereby thoroughly distributing the heat. The waste gaivs 
uet either led under steam-boilers, or are allowed to pass directly to the 
open air. 

The SimoTwCarvf^ oven, illustrated in Fig. 106, is similar in constrndiaD 
to the Coppte oven, but provision is made for the recovery and utilization of 
tiie by-products, Mr. Henry Simon, C.E., in an address before the Britidi 
Iron and Steel Institute (Joum. Iron and Steel Inst, No. 1, 1880), states: 
"According to our system, the coal is rapidly carbonized by subjecting* 
comparatively thin layer of it to a high temperature in a closed and retort- 
like vessel, and, whilst in tlie bee-hive ovens the volatile products sre 
burned inside, we burn them around and outside of this retort-like vessel, 
and only after they are deprived of the tar and ammoniacal liquor. Each 
oven is in the form of a long, high, narrow chamber of brick-work, and i 
number oi' these are built side by side, with partition-walla between them 
sufficiently thick to contain horizontal Hues. Flues are also formed under 
the floor of eacli oven, and at one end of these is a small fireplace, cousiit- 
ing of a fire-grate and ash-pit, witli suitable door, the fir^oor having; 
fitJted above it a nozzle, through which gas produced from the cokiag is 
admitted to form a flame over some fuel burning on ^e grate. Oiuvi 
verj' trifling amount of such fuel, consisting exclusively of the small refiw 
coke, is used here, its ftinction being really more that of igniting the gU 
than that of giving off heat. These grates are not charged with fuel more 
than twice in each twenty-four hours when in regular work. The prodnctt 
of cumbtistion pass from the fireplace along a flue under the oven floor to 
the end farthest from tlie fire. They return along another flue under the 
floor to the fire end ; they then ascend by a flue in the partition- wall to the 
uppennost of several horizontal flues formed therein, and descend in a i^ 
zag direction along these flues, finally passing into a horizontal ebawwl 
leading to a chimney. The oven in consequence is evenly heated at tie 
bottom and sides, and the coal contained is rapidly and completely coked. 
No air enters the chambers, tlie only openings being for the escape of the 
volatile products. The improved ovens are fed with «wl bv opening? '" 
tiie roof, over which coal-tnicks are rim on rails: and the coal is even!/ 
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distriboted by nIraB introdiioed a^ openhupB, provided willi doon tel 
with lefiactoiy material, whidi doon are ckeed and kept Hf^j Intal 
whife the oven is in operalkm. The feed-hdea in the roof axe also providel 
with oovere» Through the middk of the roof riaea a gaa-pipe pravidei 
with a h^dnuilio valve, whidi doaea the pannage bjr a lip pngecting dowa 
finom it into an annnlar cavity anrronnding its aeatin^ in which it is im- 
meraed in a quantity of tar and ammoniaral lionor, locked there during 
previous distiuationa. The volatile prodocta of uie ooid matillation rise hj 
the ^aa-pipe, and are led throng a nn|;e of pipeB kept cool by extonal 
wetting, 80 that the tar and amimwiianal liqnor beoome oondenaed and sepi- 
rated {h>m the oombostible ga&'' When the ohaige of coal has been con- 
verted to coke, it ia remoi^ from the ovena bv means of a piston worked 
by an engine traversing rails in iront of the battery. The yield of coke 
has been stated to be mm seventy-five to seventy-seven per cent, of the 
ooaL Daring a run of two hundred and fifteen days, the jndd of residnab 
averaged 27.70 gallons of ammomacal liqnors per ton of ooal carb(Hiized, 
and 6.12 gallons of tar per ton of coal carboniaed. 

The yidd of residiuds in the C'oppfe-Otto oven has been found ta 
average 26.44 pounds of sulphate of ammonia nod 60.84 pounds of tar 
per ton of ooal used. 

Uie Jamemm ooen, structurally ccHisidered, is but a ample modificstion 
of the common bee-hive oven, and is made by introducing channels in the 
floor of the oven radiating from the centre. These dwnnplfi are covered 
with perforated tiles, and are, from the centre of the oven (where the chan- 
nels are lowest), connected by means of pip^s which lead to an exhaastiog 
apparatus, and also for the discharge of tne products of distillation. In 
this process the products are removed as soon as they are formed, being 
drawn do\vn by means of the suction applied through the mass of cooler 
coal than tliat from which they were generated. 

Considerable difference exists between the tars obtained from the Simon- 
Carv6's and the Jameson coking processes. The first-mentioned* tar has a 
specific gravity of 1.106, and closely resembles, chemically, the tars pro- 
ouced in the illuminating (retort^ gas process, bo^ bein^ obtained at a nigfa 
temperature. The Simon-Carv6 s tar is rich in naphthalene and anthraane, 
but low in naphtha, benzene, phenols, etc The Jameson tar is a low tem- 
perature tar, with a specific gravity varying from .960 to .994, and contain- 
ing no benzene, but trifling amounts oi toluene and xylene, while a consid- 
erable proportion of phenoloid bodies are found, containing, at the most, a 
very small quantity of carbolic acid.* 

3. Fractional Separation op Crude Ooal-tar. — Following gas 
retort distillation, in point of technical importance is certainly the distilla- 
tion of the coal-tar obtained from the former processes and the separation 
therefrom of certain constituents which have a wide application in several 
industries. The same general mechanical arrangement, though somewhat 
simplified, is employed, consisting of a still, a condenser, and a receiver. 
The still sliould be constnicted entirely of wrought iron, and can be either 
horizontal or vertical. Horizontal stills are, according to Lunge, fer l«s 
economical tlian the vertical. Fig. 107 is a vertical section of a tar-still 
•^bowing the construction and fittings. The heat from the fire on the grate 6 

* Consult Journ. See. Chcm. Ind., 1888, p. 495, for tables of analyses of Simon-Canr^'* 
imd Jameson tars. 
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mted from impinging against the conrave Ixittom of the still by means 
flie ar«li g, but ])aiBe3 through the openings A in the circular wall k into 
rtical flues i, from whi<;h it enters the anniilur space I and through flues in 
; front of the still to the upper apa** n, liually entering the flue p, which 
ids to the chimney. The supply-pipe r is lor feeding the still, the pipe « 
nn overflow, and serves to indicate when the tank is full. The cock a Is 
r drawing oiF tlie pitch. The still-head ( is for conducting the vapors, and 




connwl'ii uitii li.' i ,.;..i, ,i.-^ i". The fiVBtfiii ul' piju's j' 1/ ; iiuiiciitiKl ia foP 
aducting superheated steam into the still lijr flnisliiug the distillation ; the 
pee conforming to the shajte of the bottom, are provided with a number 
jets for n more equal distribution of the steam. The remaining attacb- 
fnls require no fiarther mention. 

The condenser oinsists of a cjjil of pii»e immersed In water contained in 
, iron tank. In England, the pipe used is from six to nine feet in length. 
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and from four to eix inches in diameter; ihe total length for one etill is 
flkleaUted at from one liundred and forty to two hundred feet. In Ga^ 
DUUiy, preferenee ie given to worms of iron (or lead, in which case the pipe 
fimn the still must be continued below the surface of the water in the ooo- 
denKr and join the worm there, in order to obviate the possibility of it 
beii^ melted), made of two-iueh pipe, and mounted in circular tanlcs pro- 
videa with a steam-pipe for heating the w'ater, and also with a small pipe 
coontoted with the worm for blowmg in steam whenever it is neceassur 
tocWn it 

Connected with the condenser, and located at a safe distance from tlie 
■till, is the receiwT, which can be of any convenient shape, and of such a 
Buse as to contain the whole of one fraction ; or a number can be employed, 
ewji acting as a store-tank and receiver. For the receivers to contaiu tlic 
volatile tnictjons, tjght'-closing covers must he supplied to guard again^ 
evaporation and lire, and the one containing the first fraction to have means 
tar aeparatiug the oily from the watery layer. The receivers for tlie oils 
yrbach deposit crj-stallme matter to be so arranged that they can be easily 
cteaoed. 

*' Coal-tar (Allen, Commercial Oi^nio Analysis, 3d ed., vol. ii., Part ii 
p. 47), as obtained an a by-product in the manufacture of illumioatiiig 
gtBf Is a black viscid fluid of a characteristic and disagreeable odor. The 
Ipediic gravity ranges from 1,10 to 1.20, being usually between 1.13 
and 1.15. 

" As coal-tar is always more or lees mised w4th ammoniacal liquor, the 
constituents of the latter liquid are pi-esent in addition to those of the tsr 
proper, and the constituents of the illuminating gas itself are also presfot 
in a state of solution. 

" The firet treatment of coal-tar on a large scale consists in distillii^it 
in iron retorts and collecting the distillate in three or four fractions. The 
temperatures at wluch the receivers are changed vary considerably with tlie 
practice of different works, and hence the products are far from being 
strictly parallel." 

The annexed table indicates the three most important methods of fiKt- 
tionation ; 



A. 


B. 


» 


IToduot. 


^ri".f 


Product 


niEHiiiiw- 


Prodnct. 


Id 110 
110 lo 170 
170 to» 

mtoxn 

270WiaO 


Crude nHplilha, 
or light ml» . 

Heavy oils, dead 
oils, or creo. 
H>te nils . . . 

Anthracene oils . 


to 170 

170 to 270 
above 270 


Firtl runninga, 
or first ligit 

Seoond lighting 
Carbolic oiU . 

Craoftote oils . 


OhillO 

no to 210 

210 to 240 
240 to 270 
above 270 


Ught naphtha 
Light oil/T. . 
Carbolic oik . 
Creoaotaoil. , 
Anthracene oik 
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The principal eonptituents of coal-tar are separated, one from the other, 
by means of fractional distillation, a pnwess depending upon the fart tbt, 
if a mixture of liquids, each having a different boiling-point, be haitedi 
'leone having the lowest will pass over first, and if the temperature is not 



PROCESSES OF TREATMENT. 371 

increased beyond that point at which the distillation of this fraction takes 
place, no other constituent will come over ; if the temperature be gradually 
mcreased the others will follow in the order of their boiling-points. In 
cases where the boiling-points are close, and even in others where they are 
widely differing, the action of one substance upon another often prevents 
exact separations. 

The hot stills (from the previous working) are charged with fresh tar, 
all the openings are then closed, and the fire carefully watched in order that 
no undue rise in temperature, and consequent boiling over of the contents, 
may take place. Grases, ammonia-liquor, and light oils distil over at 170°, 
the whole being designated "first runnings." This fraction is collected 
and allowed to stand, when the watery portion separates more or less com- 
pletely from the oils, which are redistilled, yielding ammonia boiling under 
70°, crude benzol at 140°, which is subsequently purified with sulphuric 
acid and distilled, naphtha^ 140° to 170°, treated as the benzol, yielding 
" solvent naphtha." This whole fraction has a specific gravity nearly equal 
to that of water. The second fraction — " middle oil," or " carbolic oil" — 
distils over from 170° to 230°, and contains the impure phenols or carbolic 
acid and naphthalene. It is crystallized and pressed ; the mother-liquor is 
agitated with caustic soda in an iron tank, the alkaline liquor (carbolate of 
soda^ decomposed with sulphuric acid separating crude carbolic acid, which is 
distilled and crystallized, yielding liquid and pure carbolic acid in crystals. 
The unchanged oil from the soda treatment is returned to the second frac- 
tion for re-working. The press-cake from the first treatment of this frac- 
tion 18 purified with sulphuric acid, distilled, and yields naphthalene. The 
third fraction constitutes the heavy or dead oil, so called from the fact that 
the specific gravity is greater tlian water, and boils from 230° to 270°, 
occupying a position between middle oil and the anthracene fraction. It 
is subjected to no further treatment, but is employed chiefly for preserving 
timber, varnish manufacture, burning for lamp-black, etc. The fourth frac- 
tion, or anthracene oil, boiling over 270°, constitutes the green oil or green 
grease, from which, upon sut«eauent treatment, the commercial anthracene 
IS obtained. This fraction is allowed to stand for some time, in order to 
cool and to separate the crystallizable substances, when the mass is drained 
from the excess of oil and pressed. The press-cake is crude anthracene, which 
is dissolved in naphtha and known as fifty per cent, anthracene. The 
mother-liquor from the first pressing with the drainings are redistilled, crys- 
tallized and pressed, yielding crude anthracene, treated as above, and an- 
thracene oil. The residue in the still constitutes pitch, which is withdrawn 
and employed for making pavements, varnishes, etc. 

The annexed diagram from Ost's ^f Lehrbuch der Technischen Chemie" 
graphically represents the preceding outline of the tar distillation process. 

4. Treatment of Ammoniacal Liquor. — The aramoniacal liquor of 
the gas-works is that which passes out continuously from the scrubbers and 
other parts of the process, and is the chief source of nearly all the am- 
monia of commerce. According to Lunge, ordinary gas- liquor contains 
the following : 

(a) Volatile at ordinary temperatures. 

Ammonium carbonates (mono-, scsqui-, and bi-). 
Ammonium sulphide (N 11^)2^8. 
Ammonium hvarosulphide, NH^.HS. 
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Ammonium cyanide. 
Ammonium acetate (?). 
Free ammonia. 

(6) Fixed at ordinary temperaJbires, 

Ammonium sulphate. 

Ammonium sulphite. 

Ammonium thiosulphate (hyposulphite). 

Ammonium thiocarbonate. 

Ammonium chloride. 

Ammonium thiocyanate (sulphocyanide). 

Ammonium ferrocyanide. 

The salts of ammonia that are volatile are readily removed from the 
as-liquor upon simply boiling, or by the aid of steam. The fixed ammonia 
ilts require the addition of chemical agents — e.g.j lime — to break up the 
ombination and liberate the ammonia which is eventually recovered. The 
reater the amount of volatile ammonia and less the amount of the non- 
olatile compounds, the greater the value the liquor has for treatment. 

The method of recovering ammonia at a London works, where one hun- 
Ired thousand gallons of liciuor are treated daily, is briefly outlined as fol- 
ows : The liquor is pumpea into a large settling-tank, where, after remain- 
ng for a day or more, it is pumped into a " Coffey*' still, thirty feet high, 
nto which steam at two atmospheres pressure is blown. By this treatment 
he volatile ammonium comjwunds are separated from the water and the 
ion-volatile compounds. Carried along with the steam, the volatile com- 
»^>unds pass from the still through a worm, provided with half-inch holes, 
ito a sheet-lead saturator filled two-thirds with 140° Twaddle sulphuric 
*id and water. This water so dilutes the acid that it prevents the ammo- 
um sulphate from crystallizing within the saturator. After saturation, 
^m is blown through the solution to remove hydrogen sulphide, which, 
^r passing through a condenser, is burned ; the heat generated being 
rtly utilized in the production of steam for the operation. The saturated 
[Uid is run off into leaden pans placed over a fire, and evaporated to such 
point that the sulphate will crj^stallize out. The residual mother-liquor is 
*de use of in the dilution of the sulphuric acid in the saturator. 

Without going into the details of construction of the many improve- 
^nts made in the apparatus employed for the recovery of ammonia, it may 
^ Well to mention tne apparatus of Griineberg and Blum, Fig. 108. A is 
^e column, B the economizer through which the gas-liquor passes before 
litering the still, and is heated by means of steam or waste gases. C is the 
>Ump which introduces the lime into the lime-vessel F. D is the acid-tank 
>r saturator. The gas-liquor enters the still at the top and descends from 
'hamber to chamber, meeting the upward current of steam, till it reaches the 
ime-decomposition-tank F, and finally the boiler G. In this is a peculiar 
runcated cone, /, over which flows the liquor from step to step, and owing to 
he increased area of each step the liquor becomes thinner and thinner, per- 
litting the steam to act very thoroughly. The ammonia generated passes 
rom the still through the pipe P to the saturator D, Waste gases collect in 
le bell q, from which they are led to the economizer J?, and finally burned. 

Feldmann'a apparatus is a steam still, capable of recovering both the 
olatile and fixed ammonia, and occupies very little space. It consists of a 
lambered column, lime-tank, and an auxiliary column, in connection with 
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feed-tanks, ecooomizer, lime-punip, and saturator. The liquor flows fnnn 
the feed-tanks through tlie economizer^ where it is heated, to the to|i of the 
main coluniD, doMH which it flows successively through the chambers in 
which it ia boiled into the decomposing-taok, which contains lime, wheie it 
is thorouglilv agitated with steam. The liquor flows from this tank to the 
aiixilian' column, similar to the tii^t one, wtiere the little ammonia found k 
driven oiit Tlie spent liquor collects in the lower compartment, from whioh 
it constantly flows away. Lunge states that an apparatus to distil Irom 




pijrht to ten tons of ammomu'al liquor duh otx,upie^ a. space of seventeen 
fct li\ tliirtttn fwt li\ tin feet 

'[ hi stilpli ite of nmmonii a-- it i-) fished from the saturators is allowed 
to drain, >).)iiKtimt-> -li}rhtl\ m I'.Jiwi witli isater, and sold without drying. 

m. Products. 

I'tider tins hf-.id will l>e consiclered the more im|X)rtant products that 
:irr "liluiiicd by tlic siilMi('i)iicnt treafiucnt of the main fractions of the dis- 
tillation process a? imlinili-il on previous iiages. 

1. FlltST LiCHT On. is the fmction distilling at a temiKrature up tn 
171'' (". It iiii'liuiesa small pcrcrnla^c of jiiiiLnonia-Iiquor which is nuvliani- 
<-:illy cniitaiiirci in the far, and is scjtfiratcd from the tar oils bv iH'inii al- 
lownl ti. stand and .■^cttle out when it is di-awn off. Tiie specific firavliy i>f 
thp ti-articjii is aliniit .!l7-"). stm\ is niadi> u]t of V)enzene, tolnene, and liiaher 
lioinul,,-,i,-s, with pliriiol. crcsol. riaplitlialene. etc. The j.n«liicts ..l.i.ainrd 
from it are sc|iai-.Lt(tl l>y rudistillinjr the whole fraction in a small still of 
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the same general type as the large tar-still. The separate distillates are gen- 
erally as follows : 

First Light Oil up to IJO"" yields 

[a)ToU(P ** 90 per cent, benzol." 

[b) U(PioUQ9 " 60 per cent, benzol." 

(c) 140° to 170° solvent naphtha. 

The fraction obtained up to 110® is chemically washed, being agitated 
with sulphuric acid of 1.84 specific gravity in the proportion of one pound 
to one gallon of oil, which combines with the bases, dissolves resins, etc. 
The agitation is carried out in cast-iron or lead-lined wooden tanks securely 
covered to prevent loss of the volatile bodies, and provided with mechanical 
means for mixing. This is completed in ten or fifteen minutes, when the 
whole is allowed to stand at rest for an hour or more, and then the spent 
acid is completely removed. The oil is now thoroughly washed four or 
five times with water, until no color is imparted to the washings, which 
should have but a slight acid reaction. Agitation is again continued, but 
with a ten per cent, caustic soda solution, afterwards allowed to separate, 
when the alkaline solution is removed, when the oil is finally washed with 
water and distilled, either by means of fire or steam. 

(a) ^^ Ninety per Cent. Benzol,^* — The product coming over at 1 10® is desig- 
nate " ninety per cent, benzol,'^ from the fact that ninety per cent, by vol- 
ume of it distils before the thermometer rises above 100® C. A. H. Allen 
(Commercial Organic Analysis, 2d ed., p. 489) states: "A good sample 
should not begin to distil under 80® C, and should not yield more than 
twenty to thirty per cent, at 85®, or much more than ninety per cent, at 
100®. It should wholly distil below 120®. . . . The actual percentage 
composition of a ninety per cent, benzol of good quality is about seventy 
percent, benzene, twenty-four per cent, toluene, including a little xylene, and 
four to six per cent of bisulphide of carbon and light hydrocarbons. The 
proportion of real benzene may fall as low as sixty or rise as high as 
seventy per cent. Ninety per cent, benzol should be free from opalescence 
and colorless (' water white ). The specific gravity is between .88 and .888 
at 15.5® C. (= 60® F.), but this is not a true guide as to the Quality, from the 
fact that bisulphide of carbon (specific gravity 1.27) and light hydrocarbons 
(specific gravity .86) sensibly affect the specific gravity of the benzol." 

(6) " Fifty per Cent. BenzoP^ is a product of the fraction boiling from 
110® C. up to 140® C, and is subjected to the same treatment as the previ- 
ous one. The specific gravity of this benzol varies from .867 to .872 in 
the Scotch, to .878 to .88 in the English, samples. Is nearly free from 
bisulphide of carbon, and contains little hydrocarbons, while the per cent, 
of toluene and xylene are greater than in the ninety per cent, benzol. 

The benzols as such are not employed in the arts to a very great extent, 
but when nitrated^ nitrobenzene (mirbane oil) is obtained, which is used as 
such for scenting soaps and pomades ; and when this nitrobenzene is reduced 
by iron turnings, etc., aniline oil is produced, which enters largely into the 
manufacture of many of the artificial coloring matters. 

(c) Solvent Naphtha — so called from tlie use to which it is put, — dissolv- 
ing caoutchouc in the manufacture of water-proof materials, etc., — follows 
the benzols, boiling over 140®, and consists of xylene, pseudocuniene, and 
mesitylene. In some works the distillation of this fraction is not driv( n to 
the end, but stopped when the product yields ninety per cent, at loO°, the 
residue being distilled as burning naphtha with a specific gravity of .90. 
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Lunge states ; " From the product distilled up to 140° may be extnirt(4 
sixty or seventy per cent, of fifty per cent, benzol, twenty to twenty-five 
per cent, of earbu retting and »jlvent naphtha, five b> eight per cent, of 
burning naphtha. The product di.stillc(l between 140° and 170° yields 
twenty-five to fifty per cent, best naphtha, fifty to twenty-five per cent. 
burning naphtha, and twenty-five \Kr cent, residue in the still." The 




separation of the preceding into benzene, toluene, xylene, etc., for the "« 
01 the color manufacturer, is not ordinarily carried out in the tar-distill*r)i 
but at the color-works, in ei^jjecially constructed column stilla. The app^ 
ance of sueli a benzene rectification Ktill is shown in Fig. 109. For det^l* 
of construction of such a column still, see Chapter VI. p. 222. 

The following table (Lunge, " Coal-Tar and Ammonia," 2(1 ed., p.4"'() 
ehows the yield in perceulaire volumes of the products from the light tAToib: 
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2. Middle Oil. — This constitutes the second main fraction in the tar 
distillation process, and is collected between 170° and 230" C, yielding upon 
further treatment two verj' im^iortant and valuable products : liquid and 
solid carbolic acid and naphthalene, both of which fina their widest applica- 
tion in the artiticial-color industry, although large quantities are employed 
for many other purposes. 

While tliis fraction is coming over from the still, no cold w^ater is allowed 
to ruD into the conden sing-tank, for the reason that a reduction of temjwra- 
ture to the [>oint at which solid naphthalene would form in the condenser is 
to l>e avoided ; a steam-pi|>e is generally led into the tank, and the water 
brought to 50° or 60°, thereby kee]>ing crystal lizablc matter in a fluid con- 
dition and continually flowing. 

This distillate is allowed to become cold, when nearly all of the naph- 
halenc separates in leaflets, which are drained and prresed to expel the 
<ciD!iining portions of the non -cry stall izable oil, which is the source of 
he (arboiic acid, 

1. Carbolic Acid. — The above oils are thoroughly mixed with a solu- 
ioD of caustic soda (specific gravity 1.26) in a tank provided with mechan- 
ml agitators, or with means for forcing air tlirough the liquids. The 
uixing is performed at a temperature of from 40° to 50°, and is cora- 
ileted in one ts one and a half hours, when, after standing to allow the 
Ikaline liquors to subside, they are drawn off and cautiously decomposed 
>y adding sulphuric acid till the liquor has an acid reaction, when it is at 
nee removed to avoid the crystals of sodium sulphate forming in the tank ; 
he carbolic acid ia allowed to stand for a few days in order that any sodium 
alphate solution remaining may separate out, when it is washed with water 
nd finally distilled in small retorts, yielding, in the first fraction, «■«/«■ and 
il ; in the second, cri/alall izable oil, from which is obtained the crystal car- 
olic acid of commerce ; and in the third fraction, the non-crystaUizabh 
ihenols, or litjuid carbolic acid. 

That part of the mother-liquor from the naphthalene which is not acted 
ipon by the caustic soda solution added to remove the phenols is returned 
i> the main middle-oil fraction and again re-worked. 

Chrbolic Acid, or Phenol, C5H9O (or CgHjOH).— All compounds contain- 
ing the group OH in place of one or more of the hydrogen atoms of ben- 
leue (C«H,) or its homologues, arc designated Phenols. Carbolic acid has 
t very peculiar and characteristic odor, burning taste, is poisonous, and has 
preservative properties ; the odor, however, is not so pronounced in pure as 
ID impure specimens. The si>ecific gravity at 0° is 1,01*4, crystallizes in 
mlorlesB rhombic needles which melt at 41°, boiling at 182°, and is not 
decotoposed upon distillation. At ordinary temperature it dissolves in 
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watar witb difficultr (I : 15), but is soluble So alcohol, cthpr, gilacJol six&t 
■tad, And glycerine in all jiroportion?. Upon ejcpoeure to ligbt a»<l uir it 
ddiqnesces, and acquires a pinkish color. The most extensive t»e made «f 
H is «£ a raw material in the manufacture of many of the artificial ador- 
ing matters, — picric acid, m^l as. a yellow dye, and which finds considerable 
l^tplication in the manufacture of a number of high explosivts. Lar^ 
qnutitiee of various qualities of carbolic acid are consumed annually for 
liilifHilii purposes, botli for domestic use and in surgery. 

2. Naphihalaif — The crude crystala which were obtained when tlw 

nuddl^-oil fraction was allowed to oool, and also &om the treatment by dis- 

tUbltion of the unchanged oil from the carbolic add Beparation, are pnnlied 

bjAiBing and mixing ti^oroughly wiUi caustic alkali, if impure, followed \»f 

a mailing witli hot water, and a^rward? with sulphuric acid ; if the napfr- 

tbalene operated upon is of a better quality, the ujkaline treatment may be 

diq>enM'<t with, ana the refining commenced with the acid, which is of 1.453 

^Moific gravity ; Lunge states, however, that thia is too weak, and recom- 

meode an scid of 1.70 specific gravi^, 1.84 specific gravity being. still 

bettw. The amount of acid used vanes from five to ten per cent. ; the 

mixii^ being performed in lead-lined tanks, after which it is washed with 

water se\*eral times, and to remove 

S'lo. 110. the remaining traces of acid wrak 

fc g'N ■ ■ » ■ I caustic liquor is used. The naph- 

J _ |[ ^ II ^ _ ^ thaleue thus purified is sublimed in 

■ i^aii *■ barrels hui^ over melting-potfisniia- 

I WL biy mount^, or in frame or brifi 

[][ llS. clambers connected by proper open- 

■I B 



ings witii an iron melting-pan, die 
general construction of whic^ ii 
shown in ¥\g. 110. The beat 
naphthalene is prodnced by dialil- 
lation from stills, which are i 



shallow, with a very high dome. larger quantities are handled by dua 
method than by subliming. 

Naphthalene, C^Hg, is one of the prindpal constituents of ooal-tar, oocor- 
ring in it in various proportions from five to ten per oent^ ; it is also fonoed 
when the vapors of organic substances are passed throng tabes heated to 
redness. The specific gravity of naphthalene when sohd is 1.158, at ito 
melting point (79.2°) it is 0.978 ; it boils at 216.6" C. The odor is pleaam^ 
though characteristic; volatilizes to some extent at ordinary temperatm^ 
but readily in the vapor of boiling water. Crystallizes in large, wlvery-bril- 
liant, thin rhombic plates, which are faintly soluble in hot, but insoluble in 
cold, water, though easily in methyl and ethyl alcohols, chloroform, ether, 
benzene, etc. The commercially sublimed naphthalene is from seventrto 
ninoty-nine per cent. pure. 1 ndustrially, it is employed in the manufacture!^ 
a large series of coloring matters ; as an enricher ("carburetter") of iUamJ- 
nating gas ; and when specially refined, as a substitute for ordinary ast- 
phor in preventing the ravages of insects, etc., in woollen goods. 

3. Creosote On,, or Heavy Oil, constitutes the third main frartioD, 
and is generally collected from 230° to 270° C, or until it is noticed thit 
solid matters begin to crj-stallize, which indicates that the anthraome ie com- 
mencing to distil. In order to prevent any cresols from contaminating; the 
'enol and naphthalene of the previous fraction, that fraction is notdnvai 
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) oompletenesSy which precludes the possibility of any of the heavy oil 
assing over. Any naphthalene contained in this fraction is recovered by 
rystallizing and pressings the residual oil not being subjected to further 
^eatment is employed directly. 

The oil has a greenish-yellow color, and is very fluorescent, which in- 
reases in intensity upon exposure to light and air. By transmitted light 
, is dark red, and by reflected light the appearance is bottle-green. The 
ior is unpleasant and extremely characteristic. It is heavier than water, 
le last portion coming from the still being as high in specific gravity as 
.10. Creosote oil has been found to contain naphthalene, anthracene, 
henanthrene, phenol, cresol, etc., with many other bodies but little known, 
t finds its widest application in the creosoting or preservation of timber; 
[though, to a limited extent, it has been employed as a fuel, and for the 
reduction of illuminating gas, softening hard pitch, as a lubricant, for 
imp-black production, etc. 

The process of impregnating timber with coal-tar oils, with the view of 
reserving it against decay, dates from 1838, when a patent was granted to 
ohn Bethel 1. This process consists essentially of exhausting the already 
Basoned timber of air and moisture in a vacuum maintained by means of 
n air-pump ; when the exhaustion is complete, the tar oil is allowed to 
Qter the vessel, when it is at once absorbed by the pores of the wood. 
Various processes have been suggested from time to time, but those which 
ave given the most complete satisfaction are nearly all bastni upon the one 
bove mentioned. S. B. Boulton's process is suited to the treatment of raw 
imber, and is similar in some respects to Bethell's ; the vacuum is con- 
inued after the creosote oil (having been previously heated to 100° C.) has 
ntered the vessel, the oil penetrating the pores of the wood very thoroughly. 

4. Anthracene Oil. — The fraction distilling from 270° C. and over 
onsists of that portion of the tar which is made up of bodies possessing 
he highest boiling points, and is distinguished from the heavy oil fraction 
►y a separation, on cooling, of solid matters. In it has been found naph- 
halene, methyl-naphthalene, anthraxseney phenanthrene, methyl-anthracenCy 
>yreney carbazol, etc. With the exception of methyl-naphthalene, which is 
. liquid, all the others are solids at ordinary temperature, but which have 
ligh melting points. 

The separation of the crude anthracene from the distillate is accom- 
plished by cooling or cr}'stallizing, and pressing. The cooling takes place 
Q large, shallow iron pans, either spontaneously or by refrigeration, when 
he semi-solid mass is transferred to bag filters, closed at the lower end, 
ind connected by means of nipples at the upper end to a pipe for conduct- 
ng compressed air, which acts in driving the liquid or non-solidifying por- 
ion out, and leaving the mass nearly dry. By using filter-presses instead 
►f the above, a larger and better yield can be obtained in a shorter time. 
The crude anthracene is placed in cloths and subjected to a gradually- 
ncreasing pressure in a vertical or horizontal hvdraulic press, the plates 
►f which being so constructed as to be heated by steain, or the whole press 
nay be enclosed in a chest to which steam can be admitted. Fig. Ill 
llustrates the general arrangement of a press suited to the purjx)se. The 
186 of heat in the. pressing is to cause those bodies wliidi have a lower 
aelting point than tnat of the anthracene to be easily remove<l. The yield 
►f anthracene by hot-pressing only comes u}) to about thirty to thirty-two 
>er cent, of the oil in winter, and tliirty-three to tliirty-six per cent, in 
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light tar oils, and hot alcohol dissolve varying quantities. When oxidized 
it yields anthraquinone, which is further treated in the processas for the pro- 
duction of the valuable alizarine and other coal-tar colors, and which forms 
practically the only utilization for anthracene. 

5. PrrcH. — ^y pitch is understood the residue remaining in the still 
after nearly all the volatile constituents have been driven ofi*. Formerly, 
what remained in the still after the light oils were distilled was called 
dsphalty and was equivalent to about eighty per cent, of the tar, consequently 
it contained those constituents mentioned in the middle oil and creosote oil 
fractions, with the anthracene. This method of fractionation, however, is 
not followed, but the distillation is generally carried to that point when the 
distillate shows a specific gravity of 1.09, when soft pitch will result. If 
the distillation is carried further, or until it has a specific gravity of 1.12, 
hard pitch is obtained. In some cases the distillation is pushed as far as 
the still will stand with safety, in which case no more volatile bodies remain 
and a coke virtually remains. As a rule, a moderately hard pitch is made, 
which is run into casks or barrels directly from the still. 

The utilization of the pitch is carried out in several ways : in the manu- 
fiu^ure of patent fuel (briquettes) when incorporated with coal-dust or coke- 
refuse. This industry has but little, if any, importance in the United States, 
but is quite extensive in Europe. Briquettes contain from five to eight per 
cent, of pitch, according to the amount of pressure employed in their manu- 
&cture. Good grades have ten per cent more heating effect than ordinary 
steam coals, are more cleanly and economical. 

The pitch mixed with creosote oil to the consistency of paint is much 
employed as such on iron- and wood-work where a black coating is desir- 
able ; various other substances are used as solvents and softeners, notably 
carbon bisulphide, which has given excellent results. In street-paving, the 
employment of the pitch has superseded the use of the natural asphalt to 
advantage. Considerable quantities are annually consumed in the manu- 
&cture of roofing-paper, etc. 

IV. Analytical Tests and Methods. 

1. Valuation of Tar Samples. — Practically, the most efficient 
method to follow for the determination of the value of tar samples is to 
distil twenty or thirty gallons from a small still, in the same manner and 
under, as far as possible, the same conditions as is practised in the distilla- 
tion of tar on a large scale. The products are weighed and measured. 
When a small still is not accessible, recourse must be had, for laboratory 
purposes, to the following method, which gives excellent results if carefully 
attended :* " Two hundred and fifty cubic centimetres, or ten ounces meas- 
ure, of the tar is placed in a retort which it only one-third fills, so as not 
to spoil the distillate if there is much frothing during distillation. The 
retort should be supported on a cup-shaped piece of coarse wire gauze, 

S laced in an aperture in a sheet-iron plate. Over the retort is placed a 
ome, made by removing the bottom from a tin can or bottle, and cutting 
out a piece of the side to allow the neck of the retort to i)ass through. 
This contrivance confines the heat, and prevents the distillate or heavy 
vapor from falling back." ..." The products obtained by the distillation 
are: (1) Ammoniacal liquor; (2) total light oils; (3) creosote oil ; (4) an- 

* A. H. Allen, Commercial Organic Analysis, 3d ed., vol. ii., Part ii. p. 52. 
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Umra till.- gradual addition of hmmine to a sulutiun of phciiol a white 
turbiaitv (raoiio-brom-phemii, CgH,BKJH) ia formed. If tbo »klutii>n is 
dilute no precipitate on-ure, but iiiiun tlie addition of more bromine, di- 
biiim-pljenol (CjHjBjOil) is formed; npon further addition of bromine s 
very bulky pnt-ipitate is produced, which is separated as the iusoluhle and 
characteristic tri-brom-phenol (CgHiBfjOH). This determiiiatiou of plumol 
was first su^csted bv Landolt, tliougb brought to perfection and used as 
a volumetric niethod by Kopptschaar (Z. a. Oiemie, xvi. 'Z-iS). 

For the assay of carbolic acid the spwiifie gravity is always noted, whicii 
ranges between 1.04 and 1.065; the lower figure indicates a suspicioiu 
sample, and represents light tar oils. Water is estimated by agitating lK« 
sample witii half ite volume of a saturated solution of salt, the lose of 
volume indicates the amount of water originally present. To ascertain the 
qu&li^ of cnide carbolic acid and i>robable yield of crystallized phenol, the 
following method of Lowe (Allen, Com. Org. Anal., 3d ed., vol. ii., Pan li. 
p. 252) is used. One hundred cubic centimetres are distilled, and the dis- 
tillate Cfllleetcd in graduated tubes. Water fir^t distils, and is followed br 
an oily fluid ; this is allowed to stand, when the vohune of ^vate^ is read off. 
If the oily liquid floats on the water, it contains light oil of tar. It should 
be heavier than water, in which case it may be regarded as hydrated acid 
containing about fifty per cent, of real carbolic acid. The next portion of 
the distillate consists of anhydrous acid, and when it measures 62.6 per cait. 
the receiver is again changed. The residue in the retort consists wholly of 
cresylic acid and still higher homologues o{ carbolic acid. The 62,5 per 
cent, of anhydrous acid contains variable proportions of carbolic and cresyliu 
acid. Thew may l>e approximately determined by ascertaining the solidi- 
fying point, which should be between 15,5° and 24° C, and by making. 
with known proportions of carbolic and eresylic acids, a standard sani|)le 
that will have the same solidifying point. 

((•) NajihUuikftf. — The assay of this substance generally consists in sjh- 
mitting about twenty-five grammes, wrapped in several folds of filter or 
bibulous paiwr, t<i pressure in a copying-press until the exudation of anr 
oil ceases, when the cake is again weighed, and if desirable, distilled froia 
a small retort. Good samples should not distil below 210°, and should 
yield ninety per cent, of distillate before the temperature exceeds S'io" C, 
Upon warming sublimed naphthalene with pure sulphuric acid in a tcft- 
tube, the solution should remain colorless. If one per cent, of impurity is 
present, a decided pinkish tint is observed, which is darker the grcattr the 
amount. The determination of the specific gravity, the melting uoint (79° 
C), and the boiling point (216° to 218° C.) are made by the usual mfllwds. 
('/) Creijsote Oils. — The characteristics of this fraction were previonslj" 
indicated. The specific gravity is determined either by the bottle or hj- 
droraeter ; in cases where tlie sample contains much naphthalene, the sperifie 
gravitj' bottle is filled and the contents allowed to become solid, when ihc 
stopper is worked in. A sample should Iwcome quite clejir upon warmini; 
to about 38° C, and ought not become turbid till cooled to 32" C. Th*- 
liquefying point is determined by transferring a sample of the oil to a If^i- 

\ tuoe immersing a thermometer, and warming gently till it becomes Ii4ui(i. 

r The point of turbidity is similarly observed, by allowing the tube to ool 
spon^neously. Ff>r the deternunation of the naphthalene, one fiiiwifw 
grammes are chilled to 45° C. in a smidl beaker, when it is transferred toi 
cloth filter, placed in a funnel provided with means for cooling to 4.5° dor- 
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ag Sltration. The filter and eoateate are removwl and quickly pressed 
letween bibulous paper in a copying-press, when the cake i8 pressed and 
reighed. 

{e) AiUJiracetie. — Commercial antiiracenc contains a very variable per- 
eotage of rea! anthracene, tlie usual proportions beinj» from thirty to forty 
■er cent., though formerly fifteen \>er cent, was common, and special lots 
niw ai>say over eighty per cent. The value of anthracene does not entirely 
.cjtend upon the amount of real anthracene alone, but also upon tlie freedom 
rom objectionable impurities. In testing for paraffine, ten grammes of the 
ample are taken and treated with two nimdrcd grammes of concentrated 
nlphuric acid, heated on a water-bath for about ten minutes, or until the 
ntnracene is dissolved, when any paraffi,nc will rise to tlie surface in oily 
;IobuIes. The sohition is now poured cautiously into a tall beaker contain- 
Bg five hundred cubic centimetres of water, stirred, and cooled, when the 
larafliDe rises and solidifies on the surface; it is washed with water, dried 
(etween filter-paper, and weighed. 

By the conversion of antliracene into anUiraguinone the most satisfactory 
nethod of assaying is obtained. (See Allen, Com. Org. Anal., 3d ed.. vol. ii., 
*art ii. p. 230.) One gramme of the carefully sampled specimen is placed 
n a flask holding five hundred cubic centimetres, forty-five cubic centimetres 
if the very strongest glacial acetic acid is added, and an inverted condenser, or 
ong glass tube adapted to the flask. The liquid is then brought to the boiling 
KJiDt, and, while boiling, the chromic acid solution is added to it gradually, 
irop by drop, by means of a tapped funnel passing tlirough the iuaia-nibber 
topper in the flask, or inserted in the top of the vertiral condenser. The 
liromic acid solution is prepared by dissolving fifteen grammes of crj-stallized 
Itromic anhydride in ten cubic centimetres of water and ten of glacial acetic 
tcid. The addition of the oxidizing agent should occupy two hours, and 
he oontents of the flask should be kept in constant ebullition for t^vo hours 
ODger. ^le flaafe is then left for twelve hours, when the L-ontcnts should 
» SntifaJ vi^ four hundred cubic centimetres of cold water, and allowed 

JOk fer ihiee hoars longer. The precipitated anthraquinone is filtered 
iff snd well mahed on the filter with cold water, and with a boiling one 
NT ceoi. lolntion of caustic soda and again with water. The anthraquinone 

1 riimd fivm ibe filter into a small dish, the water evaporated off, the 
«sidue dried at 100° C, and weighed. The following aftcr-troatment is 
Mw universally employed : to the weighed residue ten times its weight of 
aming sulphuric acid is nddid,and tlie whole heated to 100° C. on a water- 

'» for ten minutes, after which it is left in a damp place for twelve hours 
wrbw^ter, when two hundred cubiccentimetresofwaterareadded; the 
Jiraqiiinorie filtered off, washed with water, and then with 
JSfc ccntiinetrt'S of a one per cent, boiling solution of caustic 
K'Vitli i^iilini; wat^r, transferred to a dish, any water being 
md tlie whole dried at 100° C. and weighed. The weight 
tbone multi])licd by the factor, .856, gives the real anthra- 
^[Lt of tlitt sjuiiple. 

• Ml Trir aii'l Pilch. — Nicol (Z. a. Chemie, xiv. p, 318) treats 

m a small retort, roi-eiving the vapors in a U tube kept at 

more volatile products do not condense, but tlie anthracene 

Xftrbons do. When coking has taken jilace, the process is 

je neck cut off, pounded, and the powder added to the dis- 

irhole ia dien dissolved in glacial acetic acid and subjected to 
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;ion pipette," so made as to allow the introduction of solids, and 
can he readily altered to a pipette for the generation and retention 
s, as hydrogen and carbon dioxide, by the means of zinc or calcite 
ively, the acid required for the liberation of the gas being contained 
second bulb. 

other form is the "compound absorption pipette,'' which is employed 
taining the reagents readily decomposed upon exposure to the atmos- 
or which give off noxious vapors. 

B method of operating is as follows : The level-tube, previously filled 
ater, is raised until the gas-burette is completely filled, when it is 
ted by means of a caoutchouc tube to the " aspirating-tube," or 
of the gas, when the level-tube is lowered, and the water flows out, 
; the gas to take its place in the burette ; one hundred cubic oenti- 
are obtained, which is noticed by causing the water-level in each 
) coincide with the 100-cubic-centimetre mark on the lower end of 
•ette. The absorption of the several constituents takes place by con- 
; the top of the burette to the end of the siphon-shaped tube before 
ned, when the level-tube is raised, and the gas is forced from the 
: into the bulb of the pipette, the absorbent in which has been forced 
e second bulb. When all the gas has passed over, compressors are 
I and the pipette detached, and very gently agitated from two to five 
s, in which time the absorption will be complete ; the pipette is again 
d, the level-tube lowered, when the remainder of the gas is drawn 
o the burette, which is closed, the water-level in each brought to co- 
and the reading taken. The difference between this reading and the 
J volume of gas taken is the volume absorbed. One constituent 
nother is in this way withdrawn by using pipettes containing solu- 
laving affinity for the several gas components, as indicated below : 

^o-nde rCO,). Solution of potaasic hydrate. 

J® (C^H.). 1 Fuming sulphuric acid or bromine- water. After agitation, the 

'^^ Cjy^«)- r vapors remaining in the gas are removed by contact with 

»e (C^Hg). J potassic hydrate solution. 

B vapor (CgHg). Fuming nitric acid mav be employed, and the nitrous vapor 

remaming removed by agitation in the potassic hydrate 

pipette, or absolute alcohol is used. 
v^)- An alkaline solution of pyrogallol, or phosphorus chips in the 

presence of water, can be used, 
nionoxide (CO). A solution of cuprous chloride in hydrochloric acid or ammonia, 
f^/it^; ) Residue, unabsorbed. Constituents determined by combustion, 

mixing the residual gas with air, and passing the mixture 

over palladium spK>nge. 

V. Bibliography and Statistics. 
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L'Ammom*,uH di.n= llnda«lrii-. C. Tcllkir. Pari*. 
1891.— FabrikAtlLiii diT Loiiclitga^. G. Theniiu, Leipsig. 

Die I ii' :<M< .' ' --I' ink.ililun, F. Mui-k, 2te Auf., Leipzig. 

Kdj.! . ' . m. 11. J. Phiilips, Londcm. 

Tin' I ' ii^iinulini; Gnii, Huniphreys, Londoii- 

OmI..... I.. I,' ■ ■ l-:u"(rp Praeptirntc, H. KShler, Berlin. 

186S.— Met ;..,.!. I'-- W H".n,.-I inin^hiWdliyL- M. Dennis, KcwVuA. 

Fusla, Suliil, 1. ■ ■! < ■ I '-.London. 

Deitrui-tivn <>i-i . .! >i i^li i^., London. 

GM-worke. ii" i ' ii - -md Ricbank, Londrm, 

1894.— D^Conwrviin, .1.- II .1 .- I •..;.- i: \ i,.ir.-. Wien. 
189S. — A. Treatise on tlic MiiiiutWUiri' <>( Coke, flc, John Fulton, Stmnton, Pn. 
18B8.— L« distillarion det Bois. E. Barillot, ¥am. 

Tb* Chemistry uf Oas Manufacture, W. J, Buttcrfirfd, PliilodelphiB, 
18B9. — Tiib Chemistry of Coke, from the German of U. Simrocnbapii, IV. C. AnArnm, 

Qla^gow. 
IKKL— Die Industrie des Btcinkohientbeeii und Ammoniak, G, Luiig*.', Sir Auf.. 2 Bde., 
Bwninsi'liweig, 

.STATISTICS. 

1. Of Coal. Cakuo^^izeu in Gah-makinq. — Lunge (Coal-Tar and 
Ammonia, 2d ed., pp. 12 and 13) gives several estimates of the amouotof 
coal distilled for gas-making in Great Britain and Ireland, vaiying frooi 
nine million to twelve million tons per annum. The annual distillatJoD 
for the same purpose in Germany is given at two million tons. For the 
United States, no estimates of the coal used in gas-making can be found. 

2. Of Coal Carbonized in Coke-ovens. — Accor£ng to " Minoal 
Besouroes of the United States tor 1898," the statistics of ooke-production 
in recent years were as follows : 

1S96. 1807. legg. 

Coal used, short tons 18,6M,422 20,907,819 26,249,510 

Coke produced, short tons . . . 11,788,773 18,288,984 16,017,209 

Average percentage jield ... 68 68.6 68.6 

TbIuc of coke produced . . . .(21,660,729 (22,102,514 ^6,586,699 

Of this amount, two-tlurds is produced in the State of Pennsylvani*, 
while West Virginia, Alabama, Virginia, and Colorado follow in the order 
named. The total number of coke-oven^ in the United States at the eod 
of 1898 was 48,447. 

The present annual production of coke in Great Britain is said to be 
2] ,000,000 tons, requiring the carbonization of 35,000,000 tons of coal. 

3. By-product Cokb-ovens ih the United States. — AccordiDg to 
"Mineral Resources of the United States for 1898," there were at the end 
)f that yeiir the following number of by-product ovens completed and 
building : 

Completed 280 SemetJJolvav ovens. 

" 180 Otlo-H<tfbiuin ovens. 

" 90 NewlOB-Chklnben ovent. 

" 3 Slocnm ovena. 

Building 600 Otto-Hofibtum ovens. 
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4. Op Coal-tar Production. — Gallois * gives the following as thfe 
>Foduction of gas-tar in some of the principal European countries for the 
ear 1883 : 

Number of gas-works. Coal-tar produoed. 

Great Britain 462 460,000 tons. 

Germany ; . . 481 86,000 " 

France 601 76,000 " 

Beleium 60,000 " 

Holland 16,000 " 

Total 676,000 " 

Other estimates of the production of coal-tar in Great Britain and Ire- 
md as quoted by Lunge vary from 450,000 tons to 750,000 tons. That 
f Mr. Wilton, of the Beckton Tar-works, putting the quantity of tar dis- 
illed in 1885 at 120,000,000 gallons, averaging twelve pounds, or about 
43,000 tons, would seem to be near the mean of these estimates. 

The same author,t from information gathered by himself, puts the pro- 
uction of coal-tar for 1886 in Holland at 20,000 to 22,000 tons, in Bel- 
ium at about 30,000 tons, and in the United States at 120,000 tons, of 
rhich some 60,000 tons are distilled, 37,000 tons are employed for manu- 
leturing roofing-paper, roof-coating, etc., and some 23,000 tons are used up 
1 the raw state. 

4. Of Coal-tar Distfllatfon Products. — The estimate of Mr. 
V^ilton of the coal-tar production of the United Kingdom for 1885 above 
uoted includes the following additional details : 

Ammoniacal liquor from tar alone . 8,600,000 gallons ^ 1200 tons of sulphate. 

Carbolic acid (crude) 600,000 '* 

Creosote oil 21,600,000 " 

Of this, there was liquid creosote . 10,800,000 " 

Of this, there were creosote salts 

(crude naphthalene, etc.) . . . 66,620 tons. 

Corresponding to pure naphtha- 
lene 25,310 " 

Green oil 20,400,000 gallons. 

Benzol and toluol 1,600,000 " 

Solvent naphtha 620,000 " 

Anthracene (pure) 8,420 tons. 

Pitch 896,000 " 

The German importations of the crude coal-tar and coal-tar products 
uring the years 1892 and 1893 were : 

1892. 1893. 

Coal-tar, metric centners 368,904 897,217 

Value in marks 2,029,000 1,787,000 

Coal-tar pilch, metric centners 113,078 877,689 

Value in marks 1,683,000 8,888,000 

Light tar oils, metric centners 66,833 74,726 

Value in marks 4,831,000 4,110,000 

Heavy tar oils, metric centners 29,552 14,819 

Value in marks 443,000 296,000 

5. Production of Sulphate of Ammonia. — The production for 
Jreat Britain and Ireland much exceeds that of all other countries com- 



♦ Lunge, Coal-Tar and Aminoniti, 2d ed., p. 18. 
t Ihid., p. 15. 
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CHAPTER XII. 

THE ARTIFICIAL COLORING MATTERS. 

L Raw Materials. 

1. Hydrocarbons. — Benzene Series. — In the manufacture of the arti- 
ficial coloring matters^ the hydrocarbons which find application as raw 
materials are limited mainly to benzene, naphthalene, ana anthracene, their 
horaologues and derivatives ; of which, probably, benzene is the most im- 
portant. 

The benzene series is as follows : 

Boiling-point. Specific gravity. 

Benzene, C.H, 80. 4<' C. .884 at 15«> C. 

Toluene, C.Hs.CH, HQo C. .869 at 15«> C. 

f o-Xylene 142o 0. .898 at O® C. 

Xylene, C,H^.(CH8) J m-Xylene 189«> C. .881 at 0«> 0. 

i p-Xylene 188«> 0. .880 at O^ 0. 

Pseudocumene, \ p tt /prr \ j 169.5® C. .896 at O*' C. 

Mesitylene, /^^sV^^^sJ, 1 166«> C. .866 at 14«> C. 

Durene, CeH^(CH3)^. (Fuses at 79<»-80<» C.) . . . 192® C. 

Pentamethvlbenzene, CjH.jrCHj)^. (Fusesat 6I.50C.) . 281° C. 

Hexamethylbenzene, C,(CH5)j. (Fuses at 166« C. ) . . 266« C. 

Of which only the first three are employed to any extent 

Benzene has been described in a previous chapter (see Tar Distillation), 
but for the manufacture of colors an explanation is necessary ; the name 
benzene, chemically speaking, does not refer to the light fractions obtained 
from petroleum, but applies solely to the substance distilled from coal-tar ; 
boiling at 80.4° to 81° C, having a specific gravity of .899° at 0°, with 
the definite composition QH^. The term benzol, on the other hand, is not 
given to a definite compound, but to a mixture of benzene with variable 
quantities of toluene ana xylene, with other homologues of the same series. 
The quantity of these homologous bodies contained have an influence upon 
the use to which the aniline oil obtained (by subsequent treatment of the 
benzol) can be put. 

The pure benzene, free from the high boiling homologues, is successively 
converted through several processes to dimethylaniline, which is the base of 
the valuable methyl-violets. For the fuchsine process, benzol, seventy-five 
per cent, of which distils between 80° and 100° C. (containing toluene), is em- 
ployed, producing aniline, seventy-five per cent, of which distils between 180° 
and 190° C. High-boiling benzol, 115° to 120° C, yields aniline, which 
is the starting-point for the production of the beautiful series of xylidine 
scarlets ; the introduction, however, of pure xylene has served to displace 
the above. Allen states (Commercial Organic Analysis, 2d ed., vol. ii. p. 
489), " Ninety per cent, benzol is a product of which ninety per cent, by 
volume distils before the thermometer rises above 100° C. A good sample 
should not begin to distil under 80° C, and should not yield more than 
twenty to thirty per cent, at 85°, or much more than ninety per cent, at 
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toluene, and is found in coal-tar. There are three xylenes^ the ortho-^ 
aeta-, and para-, the second being most abundantly obtained. Owing to 
he sUght difference between their respective boiling-points, a commercial 
eparation by distillation is practically impossible. 

The annexed table ^ives the nature and beliavior of the three isomeric 
lydrocarbons mentioned. 



Melting point 

Boiling-point 

Specific gravity . . . . 
^ r Dilute nitric acid 

^^ ^ 



Permanganate 
Chromic acid . . 
Sulphuric acid (60'> B^.) 
Sulphuric acid (fuming) 
Melting point of the sul- 

phocnioride 

Melting point of the sul- 
phamiae 



Ortho-xylene. 



Fluid. 

141<» to 142<> C. 



Meta-xylene. 



o-Toluic acid, 
melting point 
102? C. 

Phthalic acid. 

Decomposed. 

Sul phonic acid. 

Sulphonic acid. 

1440 C. 



Fluid. 
139° C. 

.8668 at 190 C. 
w-Toluic acid, melt- 
ing point 160° C. 



} 



Isophthalic acid. 

Two sulphonic ac-ids. 
Two sulphonic acids. 

(a) 34° C, (6) liquid. 

(a) 137° C, (6)96°C. 



Para-zylene. 



16° C. 

187.6° to 188° C. 
.8621 at 19.6° C. 
/>-Toluic acid, 

melting point 

178° C. 

Terephthalic acid 

No change. 
Sulphonic acid. 

26° C. 
148° C. 



From Schultz, ** Steinkohlentheers. " 



Naphthalene Series. — Naphthalene^ CioHg, as a raw material^ enters 
irgely into the production of the extensive series of azo-coloring matters, 
na for such use it is converted into intermediary products, of which the 
Ipha- and beta-naphthols are the most familiar. The occurrence, proper- 
ies, and production of naphthalene are referred to on page 378. 

Methyl-naphthaleTiey CioHyCH,. — Two isomers exist in coal-tar, and can 
le separated from that; fraction of the distillate, boiling at from 220° to 270° C. 
!'he first of these is a liquid boiling at 243° C. ; specific gravity 1.0287 at 
1.5°. The second is a solid, looking like naphthalene, melting at 32.6° C. 
nd boiling at 242° C. 

Ethyl-^naphthalene, C12H12. — Two isomers, a- and /5-, are known, 
-Ethyl-naphthalene, produced from a-brom-naphthalene and ethyl- 
bromide, and distilled in vacuum, boils at from 257° to 259.5° C. ^-Ethyl- 
laphthalene, from i?-brom-naphthalene, ethyl l»roraide, and sodium. Boils 
t from 250° to 251° C. 

Diphenyl, C12H10, has been found in coal-tar, and is readily obtained 
v'hen benzene vapors are pas.sed through a red-hot tube. It is insoluble in 
vateVy soluble in hot alcohol and in ether. It forms large colorless scales, 
oelting at 71° C. and boiling at 254° C. Oxidized by chromic acid, it 
'lelds benzoic acid. 

Stilbene, CmH^. — This compound, which is diphcnylethylene (CflHg.- 
I!H = CH.CeH5), is formed when toluene or dibenzyl is lerl over heated 
ead oxide. It crystallizes in colorless scales, melting at 125° C. Forms 
he basis of numerous important dyes. 

Anthra/sene Series. — Anthraceney Cj^Hiq, reference to which has been 
nade in the previous chapter, is employed for the production of alizarine 
ind allied bodies, the successful introduction of which caused a revolution 
n the processes of dyeing, and made useless for the time great areas of land 
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which were devoted to the culture of madder. Anthracene^ as it occurs in 
commerce, is rarely pure, being made up of a very large number of hydro- 
carbons, several of which have not been investigated. The following may 
be mentioned : 

Meihyl-anthracen€y C15H12, closely resembles anthracene. It differs from 
that body in having a methyl group substituted for an H atom of one of 
the benzene rings. It occurs in coal-tar in small quantity, and owing to 
the high boiling-point, over 360° C, it is found in the anthracene. Crys- 
tallizes in pale-yellow leaflets, melting at 199° to 200°. 

Phenyl-anthraxiene, Q^^ny is formed when phenyl-anthranol or cceru- 
lein is heated with zinc-dust. Slightly soluble in hot alcohol, ether, l)eD- 
zene, carbon bisulphide, and chloroform, and u])on cooling, crystallizes from 
the above solvents in yellow plates, melting at 152° to 153° C. The solutions 
have a blue fluorescence. 

Fltwrene, or Diphenylen-melhaney C13H10, is found in coal-tar, and can be 
obtained by passing diphenylmethane through a combustion-tube heated to 
redness ; it can also be obtained by distilling diphenyleneketone over heated 
zinc-dust, or by heating the same substance with hydriodic acid aud pho?- 
phonis from 1*50° to 160°. Very soluble in hot alcohol, less in the cold; 
crystallizes in colorless plates having a violet fluorescence. Melts at 1 13° C, 
boils at 295° C. 

Phenanthrene, C14H1Q. — This hydrocarbon is isomeric with anthracene, is 
found with it, and forms a large part of, the last fraction of coal-tar. Com- 
pared with anthracene, the melting point is considerably lower, while the 
Ix)iling-poiuts are somewhat closer. It is much more soluble in ak*oliol. 
by which iiicanrt a separation is effected ; the low melting |X)int materially 
assistinj^. Crystallizes in colorless, shining plates, melting at 100° and U'il- 
injr at 340°, insolul)le in water, but soluble in fifty parts of alcohol in the 
cold, and in ton parts on boiling ; easily soluble in ether and In^nzene. it 
imparts a l)lne fluorescence when dissolveil. When oxidizeil, phenantlmn- 
quinone is formeil. Tei'hnically, but little use is made of it, iK'intj chiiflv 
eniployeil in the oil-baths for alkali melts, heating autoclaves, suldimiiii: 
phthalic anhydride, etc. 

FluoravthcnCj Cijll^), occurs in the highest boiling tar fractions; crystal- 
lizes in needles; melts at 109°. 

JWndojthenanfhrcne, t',^JIi2, i«s found in crude anthracene, and cr}stal- 
lizes in lar^e glistening plates, which melt at 115°. Pyrene, C,gHio, Beini':, 
C'lgll,^, (lirifHvne, C,j<ll,2, and Pkouc, C22Hi^, are bodies which oix^ur in thf 
highest fractions with fiuoranthene, and cannot be classed as raw material?, 
— no tcH'linical importance l)eing attached to them. 

2. Hal()(;kn Derivatives. — From Benzene. — The following tabkof 
the halogen derivatives of benzene indiwites those whase constitution i? 
kno\N'n. They are pnxluced by the action of the halogens upon the iiy- 
droc^arhons directly, or through the action of the halogen comi>ound.s of 
phosphorus upon phenols and aromatic alcohols. Two classi\s are prodiiaHl. 
substitntion and addition conii)onnds. The former occur under ordinary 
conditions, wiiile the latter are forintKl when the redaction takes placv in 
dir(H?t sunlight. ()t* the two, the substitution prmlucts are the nioix? stabk. 
the acklition products l)eing easily d(H'oniposeil. 

The following table gives the fornudas of the several halogen deriva- 
tives of benzene and the boiling-points of the moix? important of the several 
isomeric compounds : 
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Halogen substitution products of benzene. 


C.H. 
























C.H. 
C.H. 


CI 
CI, 
CI, 
CI, 

C15 

Cls 


188° 
179° 
218° 
246° 
276° 
832° 


172° 
208° 
246° 


178° 
218° 
254° 


Br 

!■■• 

Br« 
Br. 


1540 
224° 
276° 
829° 


'219° 

278° 


• • • 

219° 

• • • 




185° 

277° 


285° 


c*e' 






c!h' 
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From Toluene. — (1) Benzyl-Chloride {CMorbenzyl)^ CgH^.CHj.Cl, results 
rom the action of hydrochloric acid upon benzyl alcohol (C5H5.CH2.OH), 
►r by acting on boiling toluene with cnlorine, this methoa being the one 
ttost generally used ; the product is washed with water containing a little 
Ikaliy when it is freed from impurities by distillation. It is a colorless fluid^ 
pecific gravity 1.113, boils at 179°, insoluble in water, but soluble in alco- 
lol and ether, and possesses an exceedingly penetrating odor, acting upon 
he eyes and mucous membrane of the nose. Technically, it finds consid- 
rable application in the color industry. 

(2) Bemal-^oride {Benzidene Dichloride\ CgH5.CH.Cl2. — Formed when 
hlorine acts upon boiling benzyl-chloride, or when phosphorus penta-chloride 
cts upon benzaldehyde. It is a colorless liquid, having ordinarily but little 
dor, but upon the application of heat gives off a vapor producing effects 
imilar to the preceding. Boils at 206° to 207° ; specific gravity at 16° 
.295. 

(3) Benzo-trichloridey CgH^.C.Clj, is obtained by acting with chlorine 
pon tx>iling toluene until no further increase in weight takes place, when 
: is washed in water containing alkali, dried, and distilled in a vacuum, 
toils at 213° to 214°; specific gravity 1.38 at 14°. It has a penetrating 
dor, and is highly refractive. 

Bromine Derivatives of Xylene. — These are obtained when bromine is 
Ho wed to act upon the hydrocarbon or its isomers, or uj)on brominated 
impounds of the same, with or without the presence of iodine. They 
nd no application industrially. 

Halogen Derivatives of Naphthalene.— {[) Naphthalene Dichloride, 
^i^HgClj, is a liquid, easily decomposed ; produced as an addition compound 
y the action of chlorine gas upon naphthalene. 

(2) Naphthalene Tetrachtoride, CiqHq.CI^. — This substance is manufac- 
irea in large quantities by passing chlorine gas through the melted hydro- 
irbon in a suitable apparatus, or by grinding the naphthalene to a paste 
ith water and intimately kneading therein sodium or potassium chlorate, 
loulding into balls, and drying, after which they are immersed in concen- 
"ated hydrochloric acid. It crystallizes from chloroform in large rhom- 
ohedra, melting at 182°, and when boiled with nitric acid is converted into 
hthalic acid, which is the chief product obtained from it. 

(3) a^Brom-naphthalene^ C10H7.Br. — Formed by the direct bromination 
f the hydrocarbon, or by the substitution of bromine for the amido group 
I brom-a-naphthylamine. It is a liquid, boiling at 277° ; specific gravity 
.503 at 12°. Insoluble in water, soluble in alcohol and ether. 

{4t\ fi'Naphthyl-chloride, CjoHy.CHjCl, is formed when chlorine acts upon 
-metnyl-naphthalene at a temperature of 240° to 250°. Meltis at 47°, 
oils at 168°. 
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(5) ^-Naftbihyl-bromide, C„Hj.CH,Br. — Formed when the vapor vi 
Itromine with CO, gas is brought Id cmitat-t with j5- methyl-naphthalene, 
hiated to 240°, Crvstallizes from alcohol ill white platos, whicli nitlt ai 

Anthratvne Derivaiin-s. — (1) Mmioehlor-aitthractne, C„H^C1. — Wlim 
dichlor-anthraeene is heated hydrochloric ai^id is evolved, having the momi- 
chlor derivative. Soluble in alcohol, ether, carbon bisulphide, and benzeiie. 
Crj'stallizes in yellow needles, melting at 103°. 

(2) Dickior-anlhracene, C„Hg.Cl„ is pi'oducetl when antbraccne is al- 
lowed to remain in contact with chlorine, or when tlie monuchlor deri\'ative 
is similarly treated, being maintained at a temperature of 100°. Freely 
soluble in benzene, but not readily in alcohol or ether. Fonna beautiful 
yellow lustrous needles, which melt at 209°. Treated with sulphuric ndd 
at a low temperature, diehlor-authracene-aulphonic acid occurs in solution; 
this, when heated, yields sulphurous acid, hydrochloric acid, and the an- 
thraquinuae-disulphonic acid, which is the immediate base of the artificii] 
alizarine. 

(3) Diit-om-anthi-acene, C'uHgBr,. — Ujxin agitating bromine with a so- 
lution of anthracene in carbon bisulphide this derivative is formed. Diffi- 
cultly soluble in alcohol, ether, and benzene ; hot toluene or xylene ansmr 
best. Crystallizes in gold-yellow needles, melting at 221°, and Bubliming 
without decomposition. 

3. NiTRO- Derivatives. — By the action of nitric acid upon tlie hydrtf 
carbons niti-o- derivatives are obtained, and one of the most iniportastof 
these — nitrobenzene — is manufactured in very large quantities tor use in 
the color industry, 

(1) Nitrobenzene, CgHj.XOj, was discovered by Mitscherlich, who ob- 
tained it by heating benzene or benzoic acid with fuming nitric acid. It 
was first brought into trade, bearing the name " oil of mirbane" (artifi«»t 
oil of bitter almonds), by Collas, and in 1847 a patent for its manufactnie 
from coal-tar was granted to Mansfield. It is obtained by adding a coiil«l 
mixture of concentrated sulphuric and nitric acid (150 : 100) to & hydro- 
carlwn and agitating, taking care tliat the temperature does not gu above 
50" C. Alter the addition of the acid is complete, heat is applied, and it a 
again agitated. The oily layer ia removed, washed witli dilute alkali, drial, 
and distilled. Nitrobenzene, when pure, is a pale-yellow fluid, strongly re- 
fractive, having the odor of bitter almonds, and a sweet, though burning, 
taste. Specific gravity 1.208 at 15° ; boils at 206° to 207°, and when the 
temperature is reduced it cr)'stallizes in large needles, which melt at -r3°. 
Nearly insoluble in water, though with ak-oliol, etlier, and benzene it li 
readily soluble. It is exceedingly stable, and even at a boiling teniperatoK 
it is not acted upon bv either bromine or chlorine. It is poisonous, and, 
according to Roseoe and Schorlemmer (vol. iii. pt. iii.), "especially when the 
r is inhaled ; it produces a burning sensation in the mouth, nausea ana 
oeSB, also cyanosis of the lijie and face, and in serious case*, whioi 
BUently end fatallv, avmptoms of a general depression." 
|(2) Dinihobenzene, C,H,(NOi)i.— Three isomers of tliis derivative enst, 
l^ obtained when benzene is nitratt'd with the concentrated acids, u m 
i preceding case, but instead of lieing cooled is boiled for a short timfi 
then the product is washed with water, pressed, dissolved in alcohol, from 
^^bich the meta-nitro body crystallizes, followed upon standing by the pan- 
K|£To compound. Upon distilling the alcohol remaining in the mother- 
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liquors from the para- compound a further yield of the T^ieto- body is ob- 
tained, finally the ortho^inUrobenzene, which occurs in small quantity, 
crystallizes, and is purified by treatment with acetic acid, from which it is 
ieposited in needles, having a melting point of 117.9°. The paror- com- 
pound occurs in monoclinic needles, melting at 172°, and subliming. The 
neta- compound finds technical application in the production of chrysoidine 
md Bismark brown, and is manufactured on a large scale by adding a 
nixture of one hundred kilos, nitric acid (specific gravity 1.38) and one 
lundred and fifty-six kilos, sulphuric acid (specific gravity 1.84) to one 
lundred kilos, of benzene. When the reaction is over, a separation of the 
icids (which can be used again) from the product occurs ; commercially, the 
product is washed with warm and cold water, further purification being 
mneoessary. It crystallizes in needles or rhombic tables, which melt at 
^9.8*^, boiling at 297°. Difficultly soluble in warm water, easily in ether 
md alcohol. 

NUrotoluene. — (1) Nitroiolueney C^J^O^CYi^y occurs in three isomers. 
The oriho- derivative is a liquid boiling at 223°, and at 23.5° has a specific 
jravity of 1.162. Does not become solid at 20°. The mda- derivative 
nelts at 16°, boils at 230° to 231°. Specific gravity at 22° 1.168. Para- 
litrotoluene, melting point 54°, distilling unchanged at 236°, occurs in 
colorless prisms. Nitrotoluene, consisting more or less of a mixture of the 
ibove, is manufactured in large quantities and in the same manner as for 
litrobenzene. Ten parts of toluene are mixed, and continually agitated 
vith eleven parts of nitric acid (specific gravity 1.22) and one part sul- 
)huric acid (specific gravity 1.33). The product is treated with water, and 
iftervvards with caustic alkali ; distilled to remove uncombined toluene, and 
inally distilled with superheated steam. When fractionated, that part pass- 
ng over at 230° yields, when purified, para-nitrotoluene, and is employed 
n the production of toluidine, tolidine, and fuchsine. The fraction between 
J22° and 223° is nearly all ortho-nitrotoluene. 

(2) Dinitrotoluenea, CgH3(N03)2.CH3. — a- or ordinary dinitrotoluene is 
>roduced when toluene is added to a mixture of fuming nitric and sul- 
)huric acids and boiled; ortho-nitrotoluene is employed for the manufac- 
ure also. Crystallizes in needles, which melt at 70.5° ; insoluble in water, 
ittle soluble in alcohol, ether, or carbon bisulphide. /5-dinitrotoluene, 
someric with the above, is produced under similar conditions ; or it can be 
nade by replacing the amido group of dinitroparatoluidine with hydrogen. 
>ystallizes in golden-yellow needles; melting point 61.5°. 

Triniiroiolueney C^i^,(^O^ju¥iy — Produced by the action of nitric and 
ulphuric acids upon toluene, or dinotrotoluene, and heating for several 
lays. a-Trinitrotoluene is soluble in alcohol, crystallizing from it in beau- 
iful needles, which melt at 82°. /9-Trinitrotoluene crystallizes from acetone 
n transparent prisms, which melt at 112°, while from alcohol it forms 
)lates or flat white needles. /'-Trinitrotoluene is deposited from acetone in 
mall hexagonal crystals, melting at 104°. 

3IononUronapfUhaleney CioHy.NOj. — Two isomers exist ; the «- compound 
5 produced when ten parts naphthalene, eight parts nitric acid (specific gravity 
.4), and ten ])art8 sulphuric acid (specific gravity 1.84) are combined in a 
litrobenzene apparatus. The naphthalene is added in small portions and 
ontinually stirred. The product is washed with water, and freed from acid 
>y treatment with alkali. Insoluble in water, easily in benzene, carbon 
nsulphide, ether, and alcohol. Crystallizing in yellow needles, melting at 



6l*, bojUne at 304°. The /!- compound is produced when r-nitronaph-* 
AjmBoafB is melted with aitrate of potasaa. Soluble in alcohol, ether, or 
(^aoia] aoetic acid. Crystallizes in yellow needles ; melts at 79°. 

m-DimtMm]jhthnlejie, Cii,H,{NO,)„ ohtained in a similar manner to the 
above. Difficultly suluhle in cold, easily in warm, benzol. From glacial 
moDao Mdd it crvslallizeg in needles, melting at 217°. ,?' Dl nitrons pb- 
Unleiie, inmeric with the above, crytitallizee in rhombic plates, melting 
at ITO*". 

4. AuKX I>BBtVATlvse.— Hw Mniue derivathres of banaBM^ toliiai& 
■od xylene can be nsmrded M fhrminft one of tin oKiBt inqportB^ 
imw materisk firmn wEidii u« obtamed w iams ookriag BnMe^ 
oratain nitn^ai. llwatnctiiTeoftfaAaDiineacan readily beaeenifweeni- 
]doy ammonia, N^i as die ^in ; inthiacaeetfaenandineBtaiiBof hydiD- 
geo. If one of thne be rqiiuwed by an wganic ladical a j rftwat y aaww e ii 
ptodooed ; if tvo, or all tuee are iieplaoea, a woondary or Artery cmim 
rapeotively ie f^Hined. 

AmUMf OT Amido-ieiumt, G^H^JIBy— This anbrtanoe ma diaooTCRd 
by nuTOr^wben in 1826, iriio nolioed ite raoper^ of eombining villi aoidt 
to faao. eaha Boiw^ BabeeqaenUy, eii^enBieiitii^ i^od ooal>4uv found a 
T<JatileenbelMioeTOa^whentrertrowitii«aohrtMO<rfblMAiiifryowdar, 
pndoced a bine odoratirai, gtvins rise to tbe name Ignaol. Itwashevfao 
notioed that iriun a diop of the ^nitnte of ^and** ifas braqg^ in oontMt 
with dried omric cUonde, a Uai^ motrna fbnned. FrittdK^lBtBr,«nutt- 
ined the distiOatim prodoota of indigCL and foond a body to Wnidi he pm 
the name aniUne. Aniline was fonnerly obtained in large qnantitieB by re- 
ducing the nitrobenzene with iron filings or scrapiiuffi and acetic acid, but 
now it IB wholly produced with hydrochloric acid. The following readiiHi 
showing the change that occurs : 

(NltiobMinna.) 

C.H..NO, + 3Fe+ 6H01= 

(ADlllne.) 

C^.NH, + SFeCl, + 2H,0. 

The quantify of acid represented by the above equation is more than 
BufiBcient for the purpose, from the &ct that ferrous chloride (FeCl^ a 
reducing agent itself, will act in the reduction of a further quantify <£ 
nitrobenzene : 

C,H,.NO, + fiFeCl, + 6Ha = 
C,H,.NH, + SFe^Cl, +H,0. 

Aniline is a liquid, fluid at ordinary temperatures, hut when frozen melts 
at — 8° ; boilfl at 182° when pure ; specific gravity 1.036 ; colorleas whm 
freshly distilled, but becomes reddish-brown upon exposure to light and air ; 
impurities hasten discoloration. Soluble in alcohol, ether, and benzene in 
all proportions ; in water it is soluble to a slight extent, one hundred paite 
■f water dissolving three parts aniline, while it, in turn, dissolves water to 
extent of five per cent. 

Aniline forms a series of well-crystallized salts, among which are the 
rochloride, — CgHj-N-CIH, — known as " aniline salt," hugely employed 
ihe production of black upon cotton ; and the fodphaie, — (C,iljN),^30„ 
-of considerable importance. 

MeihylanUine, C(H4.NH(CHj), is obtained by heating aniline hydro- 
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chloride or a mixtare of aniline and hydrochloric acid with rather more 
:han a molecule of methyl alcohol at 200° C. The product is then con- 
irerted into sulphate and the easily soluble sulphate of methylaniline 
separated from the sparingly soluble aniline sulphate. The sulphate is 
lecomposed by an alkali and the free base obtained by distillation. The 
30inmercial product contains from ninety to ninety-five per cent, of pure 
nethylaniline. It is a colorless oil, boiling at 192^ C.^ and had a specific 
gravity 0.976 at 15° C. 

IHmethylaniline, CeH5.N(CH8)2, is obtained by heating a mixture of 
iniline (seventy-five parts), aniline hydrochloride (twenty-five parts), and 
methyl alcohol, free from acetone (seventy-five parts), in a cast-iron auto- 
clave at from 230° to 270° C. The product is rectified. The yield is about 
)ne hundred and twenty parts from the above proportions. It is a color- 
less oil, boiling at 192° C., and specific gravity 0.96 at 16° C. Solidifies 
it +5° C. to a crystalline solid. The commercial product is usually 
aearly pure. 

NUraniline, C^EL4(NO^T!^Il2' — Both the m- and the p-nitraniline are 
used technically. The former is made by the partial reduction of dinitro- 
Denzene; the latter from acetanilid, which is nitrated and then freed from 
the acetyl group by treatment with steam. 

Toluidinej or Amido-ioluene, CeH4(CH3)NH2, occurs in three isomers, 
ixxx>rding to the extent to which the nitration of the toluene was originally 
carried. 0rtho4oluidiii€ is produced by the reduction of ortho-nitro-toluene, 
Dy the same means as was applied in the case of aniline. It is a fluid, color- 
less at first, but becoming brown upon exposure. Specific gravity 1.000 at 
16®, boiling point 197° ; soluble to a slight extent in water (2 : 100) and in 
ilcohol. 

Metorioluidiney occurring similarly to the preceding, is a liquid. Specific 
gravity .998, boiling at 197°, little soluble m water, but freely in alcohol 
md edier. 

I^arortoluidine is obtained in the form of large colorless leaflets, crystal- 
izing from alcohol. Specific gravity 1.0017, melting point 45°, and boil- 
ng at 198° ; slightly soluble in water, readily in alcohol and ether. Com- 
nercial toluidine consists chiefly of a mixture of the ortho- and para- bodies, 
md containing very little aniline ; it is of considerable importance in the 
»olor industry. 

XyUdmey or Amido-xylene^ CgH3(CH3)2.NH2, homologous with aniline 
jid toluidine, is produced from xylene, as aniline is fix)m benzene, — nitration 
bllowed by i^eduction. Six isomers are obtainable, but the xylidine indus- 
rially employed consists of a mixture of five. At ordinary temperature it 
3 a liquid, specific gravity .9184 at 25°, boiling-point 212°. From this de- 
ivative the beautiful series of xylidine scarlets are produced. 

NaphJthylaminey Ci0Hy.NH2. — Two isomers exist. For a-Naphthylamine, 
laphttlalene is converted into the nitro- derivative as has been described, and 
qiial parts of this body and water are heated to 80°, incorporated \vith an 
qual part of iron filings, and reduced with hydrochloric acid. The product 
3 distilled with lime, and finally rectified by further distillation. Nearly 
Qsoluble in water, soluble in alcohol and ether ; crystallizes in colorless 
leedles or prisms, which melt at 50° and boil at 300°. Upon contact with 
be air it acquires a red color, and oxidizing agents cause a blue precipitate 
o form in solutions of its salts. It' finds extensive application in the prep- 
ration of several colors of importance. )9-Naphthylamine is produced when 
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amom ammonia mmhinra with i^-nnphtliol io the fused stale ; commercidf 
tt b obttinftl by the actJon of aminonio-cIiJoridc of calcium, or ammonio- 
flhloride of zinc, iipun the same body, assisted by h<?at, and iJie gubsequoU 
Bepantatm of by-prod»i<ts. It owurs in white or nearly leaflets, odarlaa, 
duBooldy aduble in eold, freely in hot, u-ater, aiid in alcohol and etka, 
Heltiag pobt 112°, boiling at 294°. Unliko the i-naphthylamine, it ii 
not acted upon by oxidizing agents. 

J^kotylenn/iai/tiru', C^j^NH,);. — Bnth the m- and the p- compi>undfl are 
used in pmocice. Tiio former is obtained by tlie reduetion ol' m-dinitn- 
beaUEene *rith iron and hydrochloric aoid ; tiio latter by the reduction of 
amidoaaobeuKene with zinc-dust in aqueous ^jlntion. 

on a large scule as the basis of the substantive cotton dyes [see p. 41S). 
Por its preparation nitrobenzene is reduced by zinc-dust and caustic soda 
in the presence of alcohol. The hydrazobenzene so obtained is heated ia 
ifae presenoe of hydrochloric acid to boiling and the benzidine precipitated 
from the solution by the addition of sulphuric aoid. It forms a grgyisb- 
white crystalline solid, fusing at 122° C, and rather difficultly siMnb'tc in 
water. 

D^phen^mine, (C',H()jNH, is made on a large scale by heating atiiliM 
irith aoiliDe ohlorliy<iratc in autoclavea to I)etween 220° and 230°. It 
forms a white or slightly yellowish solid, melting at 54°, and has a pleasant 
odor of flowers. 

5. Phenol Derivattves". — Phenol, C^jOH, — The occurrence of thi» 
body has been mentioned under tar products, page 359. It crystallires in 
needles, which have the well-known odor of " carMlio acid." Specific gravity 
1.08, and melting at 37.5°, boiling at 132° to 133°; soluble in water (1:15) 
and readily in alkalies, alcohol, and ether. It finds extensive appUcatioii io 
the color and other industries, large quantities being consumed in the manQ- 
facture of picric acid. 

Resordn, or Dioxy-benxem, CjHj(OH)j, is obtained from bemsoK Iff 
fusing the sodium sulphonate of the latter with caustic soda. (See page 407.] 
Occurs in sweetish, colorless crystals, which, however, eventmtlly becoBe 
dark colored, melting point 110°, boiling-point, 271°; readily soluble is 
water, alcohol, and ether. Specific gravity 1.28. 

Pyrogallol, or THoxy-benzene, C,Hs(OH)j, is readily obtained from gallie 
or tannic acid when the same are heated to 210° to 220°. It can be obtained 
from benzene, but the above method is more generally adopted. ProoeaBB 
for its manufacture are detailed on p^;e 408. Pyrc^allol occurs tn wfcite 
leaflets, which melt at 115° and boil at 210° ; soluble in water, aloobol, aad 
ether. 

NapkOioh, CidHj.OH. — The two derivatives of naphthalene, «- and 
f!-naphthoI, find extensive application in the manufacture of artiGda] coloi* 
ing matters. They are prepared from the two isomeric naphthaleme so^ 
phonic acids, a and y9, which are discussed under Processes, page 393. 
o-Naphthol occurs as lustrous needles, which melt at 94°, boil at 278" to 
280° ; specific gravity 1.224 ; si>aringly soluble in hot, insoluble in cold, 
water ; soluble in alcohol, ether, benzene, and in solution of caustic alka- 
lies. j9-Naphthol occurs in leaflets, melting at 122°, boQuig from 285° to 
290° ; solubility same as for the preceding, Allen (Commercial OigaBK 
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Analysis, 2d ed., vol. ii. p. 511) gives the following table of the distin- 
aishing (characteristics of the two naphthols : 



a-Naphthol. 



Crystallizes in small monoclinic needles. 
Melting point 94® ; boils at 278<> to 280«». 
Paint odor, resembling phenol. 
Volatilizes readily wim vapor of water. 
Aqueous solution becomes dark violet. 

changing to reddish-brown on adding 

solution of bleaching-powder. 
Aqueous solution becomes red, and then 

violet, on adding ferric chloride. 



0-Naphthol. 



Crystallizes in rhombic laminae. 
Melting point 122° ; boils at 286° to 290*>. 
Almost odorless. 

Scarcely volatile with vapor of water. 
Aqueous solution colored pale yellow by 
solution of bleaching-powder. 

Aqueous solution becomes pale green on 
adding ferric chloride. 



t 



6. SuLPHO- Acids. — This group constitutes an interesting and techni- 
lUy valuable series of bodies, which are obtained by the action of concen- 
Hted sulphuric acid upon tlie hydrocarbons, or upon coloring matters 
[ready formed. 

(1) Benzene^-stdphonic Acid, CgH5.S05H, is readily obtained by heating 
vo parts benzene with three parts sulphuric acid to 100° C, diluting with 
Bter, saturating with carbonate of lead, and decomposing with sulphuric 
nd to liberate the sulphonic acid. The acid is soluble in water and alcohol^ 
id crystallizes in small plates. 

(2) Bemene-dimdphonic Acid, C^li^{SO^ir)^ is produced when benzene is 
eatea with fuming sulphuric acid to 275°. Employed in the production 
r resorcin. 

^3) Toluene-mdphanic Acid, CgH4(CH3)S03H. — No importance. 

4) NapktIicUenesulphonic Acids, CjoHy.SOjH. — ^Two isomeric bodies 
re obtained when naphthalene is submitted to the action of sulphuric acid. 
.t temperatures ranging from 80° to 100° the a-derivative is largely ob- 
inedy and at temperatures from 160° to 170° the /^-derivative is produced. 
heir separation is based upon the different degrees of solubility of the 
ad salts upon concentrating their aqueous solutions, a-naphthalene sul- 
honic acid being soluble in twenty-seven parts water, while the /5- acid 
quires one hundred and fifteen parts. 

(5) Ardhracene-mdphonic Acid, C14H9.SO3H, is produced similarly to 
le above, or by the reduction of sodium anthraquinone-sulphonate with 
ne-dust and ammonia. 

Phenot-sulphonic Aeidy CgH4(OH)S03H. — Three isomers are known, 
iro, the ortho' and para-, being produced by the direct action of sulphuric 
ad upon phenol, while the meta- compound must be produced by other 
eans. The ortho- acid is largely obtained when one part of phenol is 
o'wly mixed with one part of sulphuric acid, care being taken to keep the 
mperature from rising. The para- acid will be obtained if the mixture 
J heated to 100°. These bodies are much employed as antiseptics under 
irious names; the para-- compound, also, in the production of picric 
*id. 

Naphihol-sulphonic Acids. — The two naphthols are easily converted into 
ono-sulphonic acids upon being heated to 100° C. with concentrated sul- 
[luric acid ; disulphonic acids being produced if the temperature reaches 
10*^ C. fi-naphtholsvlphonic acid, CqH^.SOsH.OH. One hundred parts 
r >9-naphthol are added to two hundred parts of sulphuric acid (speciBc 

2C 
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gniv% 1.84) M»d carefully heated to 50"^ or 60", when two acids result, 
ordinarr ^-iuiphthol-tidphonic and (koown also as '•^ ^hiifet's aevl," or 
**acid S") and ^iiaphfM-a-gulphonif add (" Bayer')! ucUl^ or " a/nd B"]. 
When converted into their sodium salts they can be separated by treatment 
with alcohol, in which menstruuni the latter acid is more soluble than the 
former. TIict are extensively used for the production of the c-rocein S(«rlrts ; 
and opon nitration yield other colors of importance. If the mixrd acid uxl 
Mpbroot ia heated to about 20° C. Bayer^s acid will be funned, wliile th« 
couilg^iiKnt of a temperature about 90° will caUHe the formation, za the 
chief ptodiKt, of Schaffer's acid. 

DMdtonie Aeidi of fi-NaphUwl, C',^,(SO,H).OII, are obtained wli«i 
the oaphthol is subjected to a temjterature of 100° to 110'^ with three tinm 
its weight of sulphuric acid (8[K!<^fic gra^ntv 1.84). Upon dilution mtik 
of lime is added, the precipitated calcium sulphate liltered utf, carbonate of 
soda added, and the whole evaporated to drj-ness, and lisiviate*! with alcohol, 
when " salt G" Q'ellow shade) is dissolved from " salt R" (red shade). 
Ordinarilv, after Uie addition of the carbonate uf soda, the solution is umiI 
without nirther trcatmeuL 

Ardhra^inone-miphonic Acid, C,H,(CO)jC,H,.SO,H, is formed when 
anthtaqoinooe is treated with fuming sulphuric acid to 160° C. The udsI- 
tend anthraquiaone ia separated, the solutiim neutralized with suda, whm 
the white socta salt settles out The free acid occurs in yellow plates, solu- 
ble in water and in alcohol. When fused with either caustic soda or pot- 
ash atisarin is obtained (when the anthraquinoue disulphonic acid is used, 
either by itself or in tlie melt, purpiirm is produceil along with aliario); 
aDtbraquinone-sulphonic acid being employed directly for Uie production of 
this most valuable coloring matter. 

StdphanUio (p-amidobenzene-ndphonic) Add, C^,(HSO,)NHs, is made 
by the action uf sulphuric acid upon aniline at about 190° C Is used 
very lamely as basis of the manufacture of dye-colora, 

NaphthjjlamiTU-svlphouic AcUh are prepared from naphthylamine hj 
treatment with sulphuric acid and the application of heat. Several deriva- 
tives are produced, which, however, find limited application, mainly in some 
patented specialties. 

7. Pyhidine and Quinolise Bases. — Pyridine, CjHjN, is i^arfed 
as a bensene nucleus (C^H^), with one of the CH groups replaced by m 
atom of nitn^n. It is obtained when bone oil or other nitrc^n-contain- 
ing oi^nic bodies are di^illed. It possesses a pungent odor, is liquid, brak 
at 116.7°, and is soluble in water; specific gravity .986. A large number 
of the pyridine derivatives bear a rehitionship to the alkaloids. 

Quinofine {Cfiirwtinf), C,H,N, differs from pj-ridine in that naphUialow 
is the base, CigHj, one nitrogen atom replacing, as before, one of tlie CH 
groups. Quinoliue is readily prepared by carefully healiog in a flask oW 
hundred and twenty grammes glyceiine, thirty-eight grammes aniline, 
twenty-four grammes nitrobenzene (oxidizing agent), with one bnndred 
grammes concentrated sulphuric acid ; when the reaction is over, boil iw 
two or three hours, dilute with water, and remove the unchanged nitrviben- 
zene widi steam, saturate with caustic alkali, distil, add sulphuric acid and 
sodicim ilitrite (NaNO,) to destroy any aniline present, make alkaline, ww 
again distil, (iuinoline is a colorless fluid, having a penetrating odor, 
highly refractive, becoming brown upon exposure to the air ; boils at 238 ; 
specific gravity 1.094 at 20°. 
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QuiTuddine (a^Mdhyl-quinolineY C9He(CH,)N. — Obtained by the action 
of hydrochloric acid upon paraldenyde and aniline, for several hours, with 
the aid of heat. It has a faint odor, is fluid, and boils at 238^ to 239^. 
Technically employed, mainly for the production of " quinoline yellow/' 
cyanine blue, quinoline red, etc. 

Acridine, Ci3H,N. — ^Anthracene is the base from which this derivative 
is obtained by a substitution of a nitrogen atom for one of the CH groups, 
as in the previous instances many derivatives of the above bodies exist, 
which have considerable interest, but no technical importance is attached to 
them as raw materials. 

8. DiAZO- Compounds. — ^These form the most extensive, and probably 
the most thoroughly investigated of the several groups of coal-tar colors. 
They are produced where nitrous acid (obtained from starch and nitric 
acid) IS allowed to act upon the primary amines of the aromatic series, in 
which case the following change is noted, assuming aniline nitrate to be 
acted upon : 

CeH5NH,.HNO, + HO.NO = CeH.N^N.NO, + 2H,0. 

(Diazo-benzene nitrate.) 

Aniline hydrochloride, treated in the same manner, will yield diazo-benzene 
chloride : 

CcH5.NHj.HCl + HO.NO = CeH,N=N.Cl + 2H,0. 

The diazo- compounds differ from those of the azo- group in that one of the 
bonds of the diatomic nitrogen group — N = N — is satisfied with an hydro- 
carbon radicle, while in the latter it is saturated with an atom of oxygen, 
nitrogen, bromine, chlorine, etc., or with an acid or basic group. The 
annexed list of diazo- bodies illustrates the above : 

C5H.N = NC1 Diazo-benzene chloride. 

(CJH5.N = N)^S0^ " " sulphate. 

C,H5N = N.Br *' " bromide. 

C,H5N = N.NH.CjH5 Diazo-ainido-benzene. 

The azo- compounds have the two nitrogen atoms ( — N = N — ) united, 
each to a hydrocarbon group ; mixed azo- compounds result if these hydro- 
carbon groups are not identical. 

(1) Diazo-benzene Chloride, CgH^.NjCl, is formed when nitrite of soda 
(NaNOj) is added to a solution of aniline chloride in the presence of an 
excess of hydrochloric acid, the solution being kept cool by means of ice. 
The product finds application in the manufacture of aniline yellow and 
other colors. 

ZHazo-amido Oompoumk result from the action of salts of the diazo- 
derivatives upon the primary and secondary amines. 

Diazo-amido-benzeney C8H5.N2.NH.CgH5, occurs when nitrous acid is 
passed through a solution of aniline in al(H)hol ; or by adding a solution of 
sodium nitrite to a mixture of aniline hydrochloride and aniline. Crystal- 
lizes in golden-yellow prisms or scales, insoluble in water, easily in ether, 
benzene, and alcohol ; melting point 91^, exploding at a higher tcmi)erature. 

(2) Diazo-benzenesulphonic Acidy C'gH^.No.SOg (the anhydride of the 
Bulphonic acid of diazo-benzene). — Siilphanilic acid, C6H4NH2.SO3H (see 
p. 402), is dissolved in water, and stKlium nitrite added, when the whole 
is poured into dilute sulphuric acid, which causes a precipitation of the 
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, Ahomatic Acids and Aldehydes. — ^The aromaiic ac'ulii form a 
class of bodies of considerable iniportauce, derived from benzenes by sub- 
stituting the carboxyl group CO.OH for hydrogen. The simplest of the 
series is Benzoic Acid (Beitsme-oarboxyUc And), C,Hj.CO,()H, which, be- 
sides finding extensive application in medicine, is also used in the color 
manuftcture. It can lie prepared by u number of methods, chiefly by the 
sublimation of gum benzoin ; by treating the urine of herbivorous animals 
with hydrochloric atiid, which causes the htppuric add to break up, jield- 
ing the acid and glycocine; and from bemyl-chlonde after boiling with 
nitric acid. It crystallizes in needles or scales, lustrous, and odorless when 

Eure. Specific gravity 1.291, melting at 121°, and boiling at 249° ; soId- 
le in alcohol, ether, benzene, etc., sparingly in water. 

Phihaiic acid {Beraene-dicarboxylic Acid), CsH,.(CK).OHV— Three feo- 
raers of tlie above are known, but only the orUio- acid will be considered 
It is obtained from naphthalene tetrachloride by healing witli nitric acid. 
It can also be obtained by heating naphthalene direct in the presence of 
nitric acid, but this process is not much employed. It otviirs in rhonilric 
crystals, specific gravity 1,585, and melting at 213° ; upon l>eing beatot, it 
is liable to split up into water and the anhydride ; soluble in hot water, 
alcohol, and ether. When a phenol is heated with the phthalic anh>'diide 
phthaleins result ; of these, the regorclri and ptfroffollol-plitha/rins are the 
moat important, being the basis of the eosins and galleins and ctenileins. 

Gallic Acid {lyihi/droxi/benMic Acid), C5Hj(OHtj.CO.OH.— This sM 
occurs in several vegetable substances, — chiefly gallnuts, sunmch, tea, etc. 
It is ordinarily prepared by heating ^Uo-tnnnic acid with dilute mineral 
acid, or by allowing crushed galls to remain exposed in a moistened stale 
to the action of tlie atmosphere for some time, when a lermentation takes 
place, after which boiling with water removes the gallic acid. It yielib 
needle-shaped crystals, sometimes white, but mostly light brown in color. 
Specific gravity 1,70. When heated to 220° it decomposes, forming pyro- 
gallol (Trihydrosybenzene, C,Hj(OH}j) and CO,, Gallic acid is the diief 

• source of pyn^llol, reference i/) the application of whicli has been toade 
under phthalic acid. 
Bematdefiyde (Bemoic Alddiyde), C,Hj.CO.H. — This body, alsii knova 
as '* Bitter Almond Oil," is a colorless liquid, possessing an agreeable odor, 
and high refracting jiower. Specific gravity 1.063, Ixiiling at 180°, diffi- 
cultly soluble in water (1:300), easily in alcohol and ctlier. Several 
methods are employed for the production of tliis stilistance ; for induftrrKl 
purposes, benzyl-chloride is trailed with nitrate of cop|>er and water, half 
of the contents are distilled, when the oily layer is sejiaratcd from the di*- 
tillateand purified. Mercuric oxide has been used instead of the coppiTsalt- 
^^ It finds extensive application in the color industry, also for the produclioa 
^L of cinnamic and benztjic acid, and several derivatives of valuer. 
^^^ 10. Ketokk* and Derivatives, Akthraquinone. — ^Tbe ketones an 

^^K closely related to the aldeliydes, as will be seen fh>m their structnre, — 
^K cjf J — CO — H, Akhhyde, CH^ — tX) — CHj, Dirndhyl-ketone (acrtonel 
^^^^ 'J^lts 00 group — carbonyl — is possessed by both classes, but in the alde- 
^^^^Kbrl/^ ia uniW, on the one liand to an ulcoliul radical, and on the other t<i 
^^^^^h &0^ '^^ hydrogen. The ketones, however, are distinguished by haring 

Bfi 



l^hol radicals (alkyls) linked by the CO group. 
fiS^phenone, CjHj.CO.C^Ha, is a ketone ot the I 



benzene series, and an 
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with aluminum chloride and l)cnzene. It occurs in crystals having an 
aromatic odor, and which melt at 48° to 49*^, subliming at 300®. Insolu- 
ble in water, soluble in alcohol and ether. It is of some importance, to- 
gether with the amido- and oxy- derivatives, in the manufacture of certain 
colors. 

Acetophenone {Phenyl-mdhyl-ketoneX CgHg.CO.CH,. — This is a mixed 
ketone, and contains two residues of different hydrocarbons united to the 
carbonyl group. Acetophenone can be obtained by distilling a mixture of 
the benzoate and acetate of calcium. It occurs in crystalline plates, melting 
at 14° to 15°, and boils at 198°. 

CO 

Anthraquinoney C^H4<pQ>CgH4. — ^This substance is of the utmost im- 
portance in the manufacture of alizarine. It can be obtained by several pro- 
cesses, the simplest of which is probably the distillation of calcium phthalate, 
or by oxidizing anthracene (CioHg) with bichromate of potash and sulphuric 
acid. Anthraquinone is very stable, oxidizing agents having but little effect 
upon it. When heated it sublimes, yielding yellowish rhombic crystals. 
Specific gravity 1.425, melting point 273° ; insoluble in water, but some- 
what in lucohol and ether. Upon fusion with caustic alkalies it yields benzoic 
acid. For use in the alizarine process, it must first be converted into the 
sulphonic acid, and this fused with caustic alkali, dissolved in water, and 
the coloring matter precipitated by a mineral acid, and sublimed. (See 
Processes of Manufacture, p. 409.) 



n. Processes of Manufacture. 

1. Of Nitrobenzene and Aniline. — The commercial production of 
nitrobenzene is carried out essentially in the following manner, although the 
details may vary in the different works. Sulphuric acid, 66° B6., and nitric 
acid, 42® B6. (= seventy per cent HNO3), are mixed together, in the pro- 
portion of fifteen parts by weight of the former to ten parts of the latter, 
in a lead-lined wooden tank (preferably situated above tne nitrating appa- 
ratus) and allowed to become cold. Three hundred pounds of this " nitrat- 
ing acid'* are run into the nitrating apparatus, eitner by gravity or by 
pressure, when the benzene is allowed to flow in in a slow, steady stream. 
During the admission of the benzene the temperature, which should be 
maintained between 80° C. and 90° C, is r^ulated by means of water 
kept at about 50° C. circulating around the vessel, or stopping the inflow, 
should the temperature give indication of rising, thereby producing the di- 
nitro- derivative. About one hundred pounds of benzene are used, although 
this quantity is subject to change, according to quality. Afler the nitration 
is finished, the contents of the vessel are emptied slowly into large tanks, 
the acid layer being drawn off first, and the nitric acid recovered therefrom, 
and the nitrobenzene, insoluble in the acid, coming last, is immediately 
poured into a tank containing water, and washed, followed by a wash with 
caustic alkali, and finally agitated with water. 

The quantities by weight of the two acids to effectually nitrate either 
benzene, toluene, or xylene, is shown below : 

100 kilos, benzene 120 kilos, nitric acid. 180 kilos, sulphuric acid. 

100 " toluene 106 *' " " 176 " " " 

100 " xylene 90 " " " 160 *• " ** 
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zene, aniline, and water appears in the condenaer, whicli is continually 

returned to the main body in the apparatus ; after the reaction haa coni- 

menced and the distillate conies over regularly, the iron can be fed steadily, 

or at uniform intervals. If all the iron 13 added at once, serious loss is 

occasioned hy a reduction of aniline to 

beuzene and ammonia. For a charge Fio. 114. 

of six hundred kilos, of nitrobenzene, 

about seven hundred kilos, of iron filings 

will be required and sixty kilos, of 21" 

B£. hydrochloric acid. The solubility 

of the distillate in hydrochloric acid is 

noted, until a point is reached at which no 

□itrobenzene separates in an unaltered 

condition. Formerly it was the general 

Sractice to add lime to the tank, and 
istil off the aniline by means of steam ; 
now the contents are emptied into lai^ 
tanks containing; water and allowed to 
subside for a day or more, when the 
lower layer, consisting of aniline, is 
drawn off and pumped into a large iron 
Still mounted over an oi>cn fire and nx.'ti- 
fied. One hundred parts of nitrobenzene 
will yield about seventy-five parts of 

aniline if the process is carefully attended. Ordinarily, the yield will !» 
from seventy-one to seventy-four parts. 

2. Op Phenols, Naphthols, etc, — Phenol. — See Chapter XL, 
"Coal-tar Distillation," p. 377. 

Resorcin is manufactured commercially from the soda salt of benzene- 
disulphonic acid, by fusing with caustic soda and subsequent extraction with 
ether. One hundrled kilos, of fuming sulphuric acid are contained in a large 
cast-iron vessel provided with means for agitating the contents, and into it 
is gradually allowed to flow twenty-eight kilos, of benzene ; the whole is 
tnaint^ed at a moderate temperature for several hours, and finally raised 
to abont 270° C. to 275° C, after which the contents are transferred to a 
large volume of water and boiled. Lime is added, the precipitated sul- 
phate removed, and the soluble lims salt decomposed by the addition of the 
requisite quantity of carbonate of soda ; carbonate of lime is precipitated, 
filtered, and the precipitate freed from the excess of solution in the filter- 
press. This solution is evaporated to dryness in iron pans. For the re- 
sorcin melt, sixty kilos, of the above salt and one hundred and fifty kiloa. 
of 76° caustic soda are fused tt^ther for about eight hours at a temperature 
near 270° ; when fiksion is finished the melt is cooled, leached out with boil- 
ing water, and boiled with hydrochloric acid for some time, when the heat 
is withdrawn, and tlie solution allowed to become cold, and subjected to the 
action of ether or benzene in an extraction apparatus, which removes the re- 
sorcin. The benzene is distilled off and recovered, while the crude resorcin 
remaining is dried at about 210°. Pure resorcin is obtained from the 
above by distillation. 

PgrogaUol. — Several processes are employed for the production of this 
substance, all being based ujxin the use of an aqueous extract of gallnuts 
or of gallic acid. One process is carried out by heating a glycerine solu- 
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f i^Hii- iiriii to aix)iit 200° C, ililuting with an eijual volume t-f water. 
axui extracting Ihorefrttiu the pyrugaliol with ether, which is evaporated otf 
aD<l recovered. Anutlier prucess is to heat one part of gallic acid and two 
jwrts water In a closed vessel to 200° to 210'* C. for half an hour, awied, 
aod heated with bone-black, the solution filtered, and evaporated to tl» 
crvstallizing-point The crystals are further puritied bv being distilled in a 
vacuum. 

Alpha- and Beta-Naphthola. — a-Naphthol is manufactured on a lai^ scale 
in tlie same general manner as resoretn. a-Naphthalene-sul phonic add is 
firet prepared by heating naphthalene with fuming sulphuric acid to 90° C, 
diluting with water, and completely neutralizing with milk of lime, filtering 
fnim the magma of sulphate which is jtassed tlirougli a filter-pre^ the solutioa 
of the soluble lime salt decumiK>se(i with carbonate of soda, filtered and pre^nl 
again, and the solutions finally evaporated to crystallizatiou, when, on cool- 
ing, the ;3-naphthalene-sulphoiiate separates out and is removed. The a- salt 
is fused with caustic soda, when the corresponding naphthol is obtained. 

fi-Naphtkol, of much more commercial importance than the preceding, is 
manufactured similarly. The naphthalene-su I phonic acid is made as alwve, 
but at a temperature of 200° C, in order to obtain a large yield of the fi- de- 
rivative. This is converted into the soda salt, dried, and one port by weight 
fused with two parts of caustic soda dLsaolved in the smallest ((uanlitv of 
water, at a temperature of 270° to 300° C ; when the reaction is over, the 
melt is treated with water, the i9-naphtho] separated by the addition of by 
drochloric acid, filtered, dried, mcltcil, and poured into cylindrical moulds. 

3. Op Aromatic Acids and PhthaleYns. — Benzoic Acid can be man- 
uiactured by several processes and from different souix«8. For teelmicai 
purjx;ses the manufacture from benzoin resin and from hippuric acid iiti'd 
unt be considered, as it is mode almost exclusively on a large scale from ilie 
chlorine derivatives of toluene, such as benzal chloride, CaHs.CHCi„ ani 
bcnzo-tri chloride, CgHjCCl,. The former, when heated witli water or milli 
of lime imder pressure, is changed into benzaldehyde, CjHjCHO, whidj, 
however, always has some benzoic acid formed with it as a side-product 
The l)enzo- trichloride, similarlv with water or milk of lime, yields bena;>ii^ 
acid according to the reaction C,H,.(:;CI, + 2HiO = C^gHs.COOH -\- 3HCL 
The benzoic acid so obtaiued is almost always contaminated by some cblof- 
beuzoic acid. 

PhihaXic Add and Phjjtalic AnhydrUle. — The process for their manu- 
facture is as follows. Naphthalene is convertefl into the tetrachloride de- 
rivative by means of chlorine gas acting upon it in the fused state, or by 
grinding naphthalene with an alkaline chlorate and sufficient moisture to 
cause the mass to cohere, when it is dried in small lumps, which are im- 
mersed in concentrated hydr(K.-hluric at^id, when the tctnurhlortde scpareUS 
as a sticky mass, afterwards bei-oming hard. This is taken and acted upon 
I by concentrated nitric a":'id, heated tJllthe solution is complete and the excess 
r nitric acid has been distilled otf, when, upon cooling, the phthalic acid 

rotes out in crj-stals. The anhydride is obtained by acting upon phtWic 

.heated to about 200° C, with carbon dioxide and subliming. 

Phihaleins. — When phthalic atiid or its anhydride acts upon phenols a 

B of bodies termed " phthaleins" are formed with elimination of water, 
Phmolpkikalein is manufactured by heating the anhydride, phenol, and sul- 
huric acid for ten to twelve hours at 120° C ; the sulphuric acid acts only 
1 a dehydrating agent. The melt is Iwiled with water, the residue di»- 
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silvwl in laiiBtiL- sitfla, and the phtliaMn is |ir«dpitatod iqwH the addi- 
tion of an acid. Rfnordn-jj/Uhalnn, or Fluovencnn, is ohtaiiu-d by heating 
three parts oC phthalic anhydride with about four parts of rpairoiu until 
the fusion yields no more vapors, aud becomes solid at a temperature not 
excelling 210° C. The melt is dissolved in dilute caustic soda, with an 
addition of phosphate of soda and chloride of calcium to remove impurities. 
The fluorescein is precipitated from the solution by the addition of dilute 
hydrochloric acid. 

4. Of Anthraquinones, etc. — Anthracene in a finely-divided state 
is guspended in water by agitation, and oxidized by nieiius of potassium 
bichromate and sulphuric acid at a boiling temperature; allowed to cool, 
and the anthraqui none is collected on filter-frames, washed with water and 
dried, and for further purification is treated with concentrated aulpluiric 
acid, and heated to 110° to 120° C, when the dark mass obtained is treated 
with steam, which causes a dilution, iblloweil by a gradual separation of 
the anthraquinooe \a crj-stals. These are washed with hot water, and after- 
wards with hot dilute soda to remove organic acids. The yield is about 
fifty to fifty-five per cent, of the weight of the anthracene used. 

AnOiraipanoTte-moniMtid phonic Acitf. (Sec p. 402.) — This is maoufao- 
iure<l by heating one hundred kilos, anthraiiuinone witih one hundred kiloe. 



Fio. 115. 




fuming sulphuric acid (wntaining fortv-fi\e to hlt\ |xt wut anli)diidL) to 
160° C. in an enamelled cast-iron vessel mounted in an oil-lmth By vary- 
ing either tlie quantity of sulphuric acid or the teni|ieraturc the alpha- op 
beta-disulphonic acid will result. The sejiaration of the two latter Irom 
the moni>-sLd phonic acid is efl'ected h\ con\erting the aulphonic acida into 
lead salts, decomposing these with carbonate ot soda, and actmg upon the 
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The process is carried out in one of two general ways : (a) by conduct- 
ing a current of nitrous acid gas through a solution of the substance to be 
diazotized, the nitrous acid in this case being most conveniently obtained by 
acting upon starch with concentrated nitric acid in a suitable generator, or 
(6) by diazotizing in a bath together with the nitrous acid-yielding substance 
(nitrite of soda generally). In this case the gas is evolved by adding an 
acid, usually sulphuric, to the solution. Diazotizing is always conducted at 
a low temperature. 

in. Products. 

It would be impossible in the space of this chapter to do more than give 
a classification of the artificial dye-colors and enumerate a few of the more 
important under each group. The number of distinct products has already 
run far into the thousands, and the trade-names by which many are exclu- 
sively known frequently hesLV so little relation to the chemical names that it 
would be idle for us to attempt to cover the ground in any other way tlian 
by a simple outlining at present. But before takiuj? up this classification it 
will be well to examine what general principles, if any, underlie the pro- 
duction of a dye-color. O. N. Witt* has proposed a theory which explains 
in a very simple way this color formation in the aromatic series. He names 
a series of radicals or groups which by their entrance alone or with others 
chanee a colorless hydrocarbon into a colored compound. These radicals, 
which he calls *' chromophor" groups, are only capable of producing the 
" chromogens," or parent substances of dye-colors, which chromogens, how- 
ever, are at once changed into dye-colors of distinct basic or acid character 
when a salt-forming group enters. Thus, from two molecules of benzene 
by the entrance of the chromphor group — N = N — is formed azo^enzene, 
an orange-colored chromogen, but not capable of dyeing silk or wool. 
When the NH, group enters there results, however, amido-azo-benzene, a real 
dyestuff. Or from benzene by the entrance of the chromophor group NO, 
is formed the chromogen trinitro-benzene, which by the entrance of the salt- 
forming group OH becomes trinitro-phenol (or picric acid), a yellow dye- 
color. 

Witt indicates some eleven of these chromophor groups, to which we 
shall refer under the appropriate heads in our classification. Of salt-form- 
ing groups which change the chromogens to dyestuffs, two are specially to 
be noted, the amido group NH„ which imparts a basic character to the dye- 
color, and the hydroxyl group OH, which gives the dye-color an acid char- 
acter. Almost all dye-colors are changed to colorless compounds by the 
action of reducing agents. The nitro- compounds are changed into the 
corresponding amido- derivatives, the azo- compounds into hydrazo- or even 

ainido- compounds, while more comnlex dye-colors are changed by careful 

foducticpn into bodies richer in hyarogen, which are known as " leuco'' 

cy)/nfX>tinds. From these "leuco" comjKnmds the corresponding dye-colors 

thoMJ ibrmed more or less easily by oxidation. In some cases atmos- 

. . oxidation alone suffices, as with indigo, in others more energetic 

P^'^ificr agents, such as leiid peroxide, are needed. 
A r^iti the study of dye-colors soon shows that they possess diflTerent 

^^. ^fi^with reference to the ease with which they niav be fastened upon 

r2»^^ [ ! 

* Berichto dor Chem. Ges., ix. p. 522. 
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■ i ri or ibe kind uf oiunlaDt needed to effWi sutrh fastening 

jOh me nure. We thcrefure distin^ilsh between basic, acid, and indiffcr- 

it or neutral dyeetiifTti. Baste dr«« like magenta fa^t^n uptm die aniin&l 

l>i* at once, and upon the vi^tahle fibres after treatoieni with taiinic add 

ind similar acid mordants. They are used in the form uf their salu. The 

dd dyoi an? fre4^iiently sparingly soluble, and are either brought into 

:iliibk- ixindition by forming alUaliue salts and sulptiunlc derivativM, whirli 

•re then ti^ for dyeing, or they arc used with fibres prpviuu&ly niordanteil 

^tb metallic hydrates or salts, as in the case of alizarin. In the latter 

Bse, howe\-er, the color acid forms a variety of different colored compouniis 

'lakes} with the different bases. To the third ctaffi {indiflerent or neutral 

.Sodies) belong indigo-blue and some other substances. 

The classification which is now generally aoceutcd is that based in the 
'Bain upon Witt's chromuphor groups and we will simply note a few illus- 
tr&tJve compounds under each group. 
1. Aniline or Amine Dye-<x>ix)rs. 
(a) TRirHENYij-METHANE DvD? (Chnimophor group, i.^'^Y — 

Qensaidehyle Green (or Malachite Green), known also imder a \-ariety of 
•»er names, ia made by the action of benzaldehyde upon dimethyl-aQilioe. 

B commercial dye is the oxalate or nine chloride double salt. 

Briliunii Green (or Solid Green) is the correspoudine derivative from 
jlietbyl-aniliue. The sulphate or zinc chloride salt is used as dye. 

magenta (Aniline Red, or Fuchsine) is a mixture of the dilorbydratfs 
of para rosanilineand rosaQi!ine,and isootained by oxidizing aniline oil with 
arstiiic w'ul or nltruU'ii/ciU'. A large numlwr of ^iilo-prndui't.* arf ■ihfaiiitd 
in the manufacture of magenta, and have been used under the names of ceiis^ 
cardinal, amaraoth, cbiysaniline, phosphine, maroon, mauvaniline, etc. 

Acid Magenta (Fudisine S) is the sodium or ammonium salt of pan- 
rosaniline and rosaniline trisulphonic acids, and is prepared by sulpbtmatii^ 
the ordinary magenta. 

Aniline Blue (spirit soluble Blue) is a salt of tripbenylAted para-rosuii- 
line, and is made by the action of a lai^ excess of aniline upon rosaniline. 
If magenta is used instead of rosaniline a reddish-blue is obt»ned. 

Diphenylamine Blue (spirit soluble) is probably the chlorhydrate of tri- 
phenylated para-rosaniline, and is made, as the name indicates, from di- 
phenylamine, which is healed with oxalic acid to 120" to 130° C. 

^/^t£/u€(Nicholson'sBlue,So1uble Blue) is the sodium aaltof the mono- 
sulphonic acid of a spirit soluble blue, and is made by sulpbonating the latter. 

Hockst New Blue is the calcium salt of the di- or Iri-enlphonic acid of 
trimetbyl-trtpbenyl-pararosaoiline. 

Hojnuinn's VwletB consist of salts of the ethyl and methyl derivatives 
of rosaniline and pamrosaoiline, and are made by the action of methyl or 
ethyl chloride or iodide upon magenta in the presence of canstic soda. It 
is of historic interest, but has been replaced almost completely by methyl 
violet 

Methyl Violet is a salt of pentamethyl (lararosaniline, and is produced 
by the direct oxidation of the purest dimethylaniline with copper chloride. 

Acid Violet is obtained by condensing dimethyl-p-amido- benzaldehyde 
with ethyl-benzylaniliue-sulphontc acid, and oxidation of the product 

Methyl Green. — This dye is formed by the action of methyl chloride 
upon methyl violet. The commercial dye is the zinc double chloride. 
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(6) DlPHENYL-METHANE Dyes. — Auramine, an important yellow dye, 
is prepared by the action of phosgene gas, (X)Cl2> upon dimethylanilinc and 
beating the product with sal ammoniac and zinc chloride to from 150° to 
160^ C. 

Pyronine is a red dye obtained by condensing formaldehyde with di- 
methyl-7»-amidophenol and oxidizing the product. 

(c) AziKES (EuRHODiNES AND Safranines). — Chromophor group 
=N — N=. Neutral Red (Toluylen Red) is a basic dye-color prepared 
by the action of nitroso-dimethyl-aniline upon 7/i-toluylen-diamine. It is 
used with cotton after mordanting with tannic acid and tartar emetic 

Safranine (Aniline Rose) is prepared by the oxidation of amidoazoto- 
luene and toluidine, or of p-toluylen-diamine, ortho-toluidine, and aniline. 
The commercial salt is the chlorhydrate of the safranine base. 

Naphthalene Red (Magdala Red) is the compound in the naphthalene 
series corresponding to the preceding. It is obtained by fusing the chlor- 
hydrate of a-naphthylen-diamine, a-naphthylamine, and amidoazonaphtha- 
lene. It forms a dark-brown powder, soluble in alcohol with strong red 
fluorescence. It is used largely in silk-dyeing and for velvet because of its 
fine color and fluorescence. 

Mauvein (Perkin's Violet) is of historic interest mainly as the first ani- 
line color. It was obtained by W. H. Perkin in 1856 by the oxidation with 
sulphuric acid and bichromate of potash of a mixture of aniline and tolui- 
dine. 

Methylene Mrolet is a reddish-violet dye obtained by the action of hydro- 
chloride of nitrosodimethylaniline uiK)n a mixture of the hydrochlorides of 
w- and ^-xylidine. 

Indoines are basic coloring matters dyeing cotton deep shades from dark 
violet to indigo-blue, fairly fast to light and washing. They are made by 
combining diazotized safranines with a- and /9-naphthol and conversion into 
hydrochlorides. 

(d) Indulines and NiGROSiNE. — Induline, spirit soluble (Coupler's 
Blue, Guernsey Blue, etc.) is prepared by heating amidoazobenzene with 
aniline to 160° C. 

Induliney water soluble (Indigo substitute), is the sodium salt of the di- 
sulphonate of the preceding, and is extensively used for silk and wh)o1. 

JSigrosinc is prepared by heating nitrophenol with aniline and aniline 
chlorhydrate. The alcohol soluble compound is the simple salt of the base, 
while the sodium sulphouate forms the water soluble com})ouud. 

Paraphenylene Blue is a dark blue dye of the indnline class obtained by 
the action of p-phenylene-diamine upon hydrochloride of amidoazobenzene. 

Naphthyl Blue is the sodium sulphonate of anilido-phenyl-naphth indn- 
line. JDyes silk blue with a red fluorescence, and is faster to light than the 
ordinary indulines. 

(c) Aniline Black. — For the preparation of aniline black, aniline 
chlorhydrate is very carefully oxidized. The dyestnff is not prepared for 
dyeing or printing, but is fixed on the fibre by an oxidation process which 
develops it gradually. It is a very fast black. Quite a variety of oxid- 
izing agents may be used. Potassium chlorate and copper sulphate are 
frequently used in admixture, and vanadate of ammonia is also of esjx^cial 
serviceableness in connection with the chlorate. Electrolysis of a concen- 
trated solution of an aniline salt will also produce aniline black. 
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OoBrulein. — ^This dye is obtained by heating gallein with twenty times 
its weight of strong sulphuric acid. Forms a dark amorphous mass, which 
dissolves in alkalies with a beautiful green color. Coerulein forms a color- 
less compound with sodium bisulphite, which is known as CoenJein fi> aud 
is much used in dyeing, as it is easily decomposed by steaming. 

3. NiTROeO AND OXYAZINE COLORS. 

(a) NiTROSO Colors (Chromophor group = N — OH). — Grambine is 
obtained by the action of nitrous acid upon a-naphthol. It dyes iron- 
mordanted fabrics green. 

Dinitrosoreaarcin is obtained by the action of nitrous acid upon resorcin. 
Dyes like the previous color. 

Dioxine is obtained by the action of nitrous acid upon dioxynaph- 
thalene. Dyes bright green or brown shades on metallic mordants. 

(6) Indophenols and Indamine r Chromophor, N=Oj. — Indo- 

phenol (a-Naphthol Blue) is prepared by oxidizing dimethyl-paraphenylene- 
diamine and a.naphthol with bichromate of potash and acetic acid. Indo- 

Ehenol may be reduced by glucose and caustic soda to a leuco- compound 
nown as Indophenol whitey which is also sold commercially. When fotton 
goods are printed with leuco-indophenol, the blue color may be developed 
in dilute bichromate of potash solution. 

Indamine8 are obtained by heating the indulines with j[>-phenylene- 
diamine and p-phenylene-diamine hydrochloride. Dyes deep indigo-blue 
shades on cotton mordanted with tannin and tartar emetic. 

(c) OxYAZFNES ( Chromophor / ^J. — AzuHne is obtained by the 

action of nitrosodimethyl-aniline hydrochloride upon sywi-dioxybenzoic 
acid. Dyes a violet blue on chrome-mordanted wool or cotton. 

Ghdlocyanine is obtained by tlie action of nitrosodimethyl-aniline upon 
gallic acid. It is a gray paste, insoluble in water, but soluble in alcohol 
with bluish-violet color. 

Prune Pure is the methyl-ether of gallocyanine. 

OaUanilic Indigo is the sodium bisulphite compound of gallocyanine- 
anhydride-anilide: 

Meldola^s Blue is obtained by the action of nitrosodimethyl-aniline hy- 
drochloride upon ^-naphthol. Dyes cotton mordanted with tannin and 
tartar emetic indigo-blue. 

Nile BluCy Capri Blue, and Gallamine Blue are all oxyazine colors 
obtained by analogous reactions of nitrosodimetliyl-aniline or the cor- 
responding amidophenol. 

Resorcin Blue, — ^By the action of nitrous acid upon resorcin is pro- 
duced diazoresorcin, which by the action of concentrated sulphuric acid is 
changed into diazoresorufin. This yields a hexabrom- derivative, the am- 
monium salt of which is the commercial dye. It is used for dyeing silk 
and wool a blue color, which has a red fluorascencc, es|)ecially by artificial 
light. By combining with yellow dyes it yields a fluorescent olive color. 

(d) Thiazines (chromophor / \j. — Methylene Blue is prepared 

from dimethyl-aniline by the treatment of this first with s(xiium nitrite and 
then with hydrogen sulphide after acidifying with hydrochloric acid. The 
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commercial salt is a zinc double chloride of the sulphur huse, called ti-ira- 
mclhvl-thioDin. 

4. Azo Dye-colors. — Chromophor eroup, — N=JJ — , 

A. MosoAZo Dyes. — (a) AmidoasoDyeg. 

<J\rywnditi( (Diataidoazobenzene Hydn •chloride) ia oblain(<d by ad- 
mixing solutions of diazolieoKcae hydrochloride and m-piicDvlene-diamiiie. 
Forms redd iaii -brown crvslals. 

Phenyletm Brown (Bismarck Brown, or Vesuvine) is triaraido-aiohca* 
zene hydrochloride. I''i)rm8 a bro.wu piwder soluble in wa»r. 

Buffer YiUow is dimethylamidoazobenzene. This yellow dye is adiil^ 
in oila and is ranch employed for coloring imtter, oils, etc. 

Acid Yellow (Fast Yellow) is the Biidiiim salt of the disulnhontc acid 
of aniline yellow (amidouzobenzenc). It is used lately in rjveing aim- 
pound shades. 

Diiiifihyl-aniline Orange (Helianthiu) is the ammonia salt of dimethyl- 
aniline-azobciizene-sulphonic acid. Dyes silk and wool a fiery orange. It 
is also used as an indicator in alkalimetry, as the light yellow color of tbr 
solution is immediately turned red by ttic addition of a drop of faydn- 
chloric acid. 

Diphenylamine Orange (Tropawlin 00, Orange IV) is formed by the 
action o( dia^soWnzene-su I phonic acid upon diphenylamine. D^-es silk or 
wo«il a very fine golden yellow. 

MtianU Vrlloie is tlie sodium salt of pbenylamidoazobeuzene-m-ail- 
phonic acid. Forms a yellow solublu powder. 

Archil Kubniiule (uuphtfaiou md) !a made by lumbiiiiug jf-uitrsuillur 
with naphthionic acid or ^-naphthylamine-snlplionic acid. 

(b) Oxyazo Dyes. — Soudan Q (Aniline-azoresoroin) is a brvwn powdCT 
hardly soluble in water, soluble in alcohol. It is used for ooloring spirit 
varnishes, oils, etc. 

Soudan Brown (Pigment Brown) is made by the action of hydrochloride 
of a-diazonaphthalene upon a-napbthol. It is used for ooloring varnishes, 
soaps. 

Oarmine-napfUe is an isomeric compound formed from jS-^iazooapb- 
thalene and j9-naphthol. Forms a red-brown powder, soluble in sulpharie 
acid with fuchsine-red color. 

Alizarin Yellow is a yellowish-brown dye made by combining p-niti^ 
aniline with salicylic acid. 

Fad Brown 'N (Napbthylamine Brown) is made by cotnbinii^ n^Ji- 
thionic acid with a-naphthol. Dyes wool brown from an acid bath. 

Ooeein Orange (Ponceau 4GB) is prepared from hydrochloride of 
diazobenzene and (9-naphthol-monoeul phonic acid. It is a fiery-red powder, 
dyeing a reddish orange on wool. 

Orange G is the sodium salt of diazobenzeno-^naphthol-disnlphoaie 
leid. It dyes an orange-yellow shade. 

CbekiTieal Scarlet 2R results from the action of diazotoluene upon a-na[^' 
thol-monosul phonic acid. It forms a cinnabar-red dye-color. 

Azococcin 2R results from the action of hydroijhloride of diaioxylene 
upon a-naphthol-sul phonic acid. It forms a red-brown powder, diffioiltly 
soluble in water. It is used in silk dyeing. 

Wool Scarlet R results from the action of hydrochloride of diasoxyleoe 
Upon o-naphthol-disulphonic acid. It forms a brown-red powder, soluble 
" water with yellowish-red color. 
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Ponceau 2R (Xylidine Rod) results from the action of hydrochloride 
of diazo-m- xylene upon /5-uaplithol-disulphonic acid. It forms a red powder, 
easily soluble. It has been used in large quantities as a substitute for coch- 
ineal. 

Ponceau ZR (Cumidine Red) results from the action of hydrochloride 
of diazo-m-cumene upon /5-naphthol-disulphonic acid. It is used as the pre- 
ceding, but gives redder shades. 

Aiiisol Red and Phenetol Red are formed by the action of anisidine and 
amido-phenetol respectively upon /?-naphthol-disulphonic acid. 

Fast Red B (Bordeaux B) is formed by the action of hydrochloride of 
diazonaphthalene upon i^-naphthol-disul phonic acid. 

a-Naphlhol Orange (Tropseolin OOO, No. 1) is the sodium salt of />-sul- 
phanilic-acid-azo-a-naphthol. Forms orange-yellow scales, tolerably solu- 
ole in water. It dyes silk and wool a reddish orange. 

P'Naphlhol Orange (Tropseolin OOO, No. 2, Mandarin) results from the 
action of />-diazobenzene-sulphonic acid upon ^-naphthol in alkaline solu- 
tion. It forms an orange-red soluble powder, and is used largely for wool- 
dyeing. 

Fast Red A (Rocelline, Cerasine, etc.) is prepared by uniting a-diazo- 
naphthalenesulphonic acid acid with ^-naphthol. It forms a bi*own-red 
powder, more soluble in hot than in cold water. It is used largely as a 
substitute for barwood and orseille. 

Azorubin S (Fast Red C, Carmoisin) is the sodium salt of the disul- 
phonic acid of naphthalene-azo-a-naphthol. It forms a reddish-brown 
soluble powder. 

Brilliant Ponceau AR (Cochineal Red A) and Fast Red D (Amaranth) 
are both sodium salts of trisulphonic acids of naphthalene-azo-i^-naphtliol, 
isomeric with each other. The former is a scarlet-nd easily soluble powder, 
the latter a reddish-brown powder. 

Roxamine is the sodium salt of dioxyazo-naphthalene-sulphonic acid. 
It dyes wool red from an acid bath and is used as an orchil substitute. 

B. DrSAZO Dyes. — {a) Dlsazo Dyes from Azo Dye-colors {Primary 
Disazo Dyes). — Resorcin Brown is the sodium salt of a sulphonic acid of 
resorcin-disazo-xylene-benzene. Forms a brown soluble powder. 

Fa^ Brown results from the action of two molecules of a-diazo-naph- 
thalene-sulphonic acid upon one molecule of resorcin. 

Acid Brown G is formed by the action of hydrochloride of diazo- ben- 
zene upon chrysoidin-sulphonic acid. Dyes wool brown in acid solution. 

Bismarck Broum is the hydrochloride of benzene-disazo-phenylene- 
diamine. It is much used in coloring leather. 

(6) Disazo Dyes from Amido-azo Dyes (Secondary Disazo Dyes). — Cloth 
Red G (Azocoocin 7B) results from the action of diazoazo-l)enzene upon 
a-naphthol-sulphonic acid. Forms a brown powder not readily soluble in 
water. Used in wool-dyeing, either alone or in connection with logwood, 
fustic, etc. 

Brilliant Crocein (Cotton Scarlet) results from the action of hydro- 
chloride of diazoazo-oenzene upon /9-naphthol-disulphonic acid. Forms a 
reddish soluble powder. 

Biebrich Scarlet (Ponceau B). — It is the sodium salt of araido-azo-ben- 
zene-disulphonic-acia-azo-i5-naphthol. Forms a brown-red fairly soluble 
powder. Dyes wool and silk in acid bath a red color like cochineal. 

OrocHn Scarlet 3B (Ponceau 4RB) results from the action of diazoazo- 

27 
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bauEme-moiioanlphoDic acid upon i^-naphtbol-moDo^ilphonic acid. Forott 
a rod-brown powder digsolvicg with scarlet-red color. Used in vrwA- and 
silk-dv«ing. 

Bortiaiitx G i» obtained by the action of amido-azo-tolueDe-mono- 
sulpbnnio acid upon |S-naphtho!-mono3ul phonic acid 3. IH« wool red from 
an acid lath. 

yaphthol Black ]s the Bodiiim saltof tli« tetrasulpbonicacid of oapbtha- 
leDe-dlsazo BaiihthaleDC-^napbthol. Forms a violet-black powder. U»d 
exdiisively id wool -dyeing. 

Wool JSack is tlie sodium «alt of the disuiphonic add of a bcnzew- 
disazo-benzene-/t-tolyl-^napbthyiamitie. It forms a bluish-black soluble 
powder. Dyes a Aeen blue-black color aoti is ijnite stable. 

NajthiJtj/lamine Black and AulhracUe Black ure obtained by ttie aetioD of 
diBulplio-napiiUiytene-azo-a-naphthylamine upon o-naphthylaaiine and dh 
pbenyl-ni-phonylene-fliamine respectively. 

fiat T told is the sodium salt of the disuiphonic acid of s naphtbalaie- 
dlsazO'bctizene'^-naphthol. Forms a dark brown soluble powder. Used in 
wool-dyeing. 

Chromairopn 2R, 2B, 6D, etc., are combinations of diazo componnls 
with dioxy-napbthalene-disulpbiinic add. They ^ive colors varying from 
scarlet to ma^ata, which on subsajueut treatment with a boiling a>lation 
of potassium bichromate change to very Jaet blacks. 

(c) Disaso Dyeafrom IHaniido Oampouade (Congo Gronp, or Benddine 
Dyve). — These dvea are distinguiahed from all other coal-tar dyes by llie 
readiness with whicli vejretflble fibres may be dyed with them without pn- 
vious mordanting, so that they are equally applicable to v^etable or 
animal fibres, and can be used .with goods of mixed fibre. Tbey are oAa 
called substantive cotton dyes. Their a£Bnity for the fibres indeed goes a> 
for that they can be used like mordants to fodlitate the fostening of otko' 
coal-tar dyes upon the vegetable fibres. 

The commercial products consist generally of the potassium, sodiom, 
or ammonium sulphooates of the dye-color. 

Naphthalene Red b the sodium salt of napbthalene-disazo-binipb- 
thionic acid. Dyes unmordanted cotton red from a boiling alkaline bath. 

Diamine Gold is the sodium salt of disulpbo-napntbalene-disuo- 
biphenetol. It dyes unmordanted cotton yellow. 

Chry8<^)kenine is the sodium salt of di8ulpho-Etilbene-^L<«zo-biph«ietol 
Dyes like the previous color. 

By the diazotizin? of this same diamido-stilbene-disulnbcHiic acid in 
also derived Hessian YeUow, Hessian Purple N and £, and Hessian Viokt. 

The diazo com|)ound from the molecule of benzidine is ^milarly nun- 
bined with a series of cumiraunds to produce the well-known beiizidiiH 
dyes, Congo G and P, Congo YeUow, SvlphanU Ydlow, BrilUani Congo G, 
Oolk Brown, Diamine Black, Diamine Blue, Diamine Scarlet, Duamu 
Brown, Diamine Green, and Congo Cbrinth G. 

Congo Rfd is the sodium salt of diphenyl-p-disazo-naphtli ionic aoi 
Forms a re*ldish-biT>wn [wnder, soluble in water with fine red color. This 
solution is so sensitive to acids that a single drop of very dilute sulphuric 
acid suffices to convert the whole of the liquid to a beautiful blue. It is 
therefore a valuable indicator iu volumetric analysis. 

Benzopurpurin is formed by the action of tetrazo-ditolyl chloride n^ 
oaphtliylamine sulphonate of soda. It is a dark red pomler, disolvuig 
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easily in water. The scarlet obtained from this dye is not changed by 
dilute acid as is that from Congo red. 

Azo Blue is formed by the action of tetrazo-ditolyl chloride upon /5-naph- 
thol-sulphonate of potash. It is a dark blue powder, dissolving easily in 
water. It is fast to acids but not to light. 

Diazotized tolidine yields, besides the two dyes last mentioned, Delta- 
purpurin 5-B, Chrysaminey Azo Blue, and Azo Mauve. Dianisidine and 
diphenetidine also yield, when diazotized, well-known dyes of this class, 
such as Benzoaunne, Heliotrope, and Benzo-mdigo-blue, 

Ccirbazol Yellow and Naphthol Bbie-black are also colors of this class. 

Suprdementary to the Azo Dyes. — Tartrazin is formed by the action of 
two molecules of phenyl-hydrazin-p-sulphonic acid upon one molecule of 
dioxytartaric acid. Orange-yellow powder, easily soluble in water. It is 
a valuable woollen dye, very fast to light and fulling. 

Primtdine and Ingrain Colors. — Primuline is mentioned here because 
of its ready convertibility into azo colors (ingrain colors). It is the sodium 
salt of the sulpho- acid of a sulphated amido- compound, and is formed by 
the action of sulphur upon j^-toluidine. The primuline base is a yellow 
powder, very soluble in hot water, and dyes unmordanted cotton direct from 
a neutral or alkaline bath. Its great importance, however, lies in the fact 
that as the sulpho- acid of a primary amine it can be diazotized (see p. 403), 
and then is capable of combining with the whole range of j)henols and 
amines to fonn azo colors. These operations can readily be carried out 
upon the fibre, whence the colors so obtained have been called ingrain 
colors. This diazotizing and developing with the phenol or amine may be 
effected upon silk, wool, or cotton fibre previously dyed with the primu- 
line base. In this way yellows, oranges, purples, reds, scarlets, maroons, 
and browns are produced. 

When paranitraniline is diazotized we obtain azo-p-nitraniline. If 
sulphuric acid is added to the compound so formed and the diazo com- 
pound admixed with a large excess of salt, the sodium sulphate so 
produced protects the diazo compound from light, even in the ary state, 
until ready for use in the dye-bath for dyeing goods j)added with naphthols, 
naphthylamines, etc. 

5. QuiNOLiNE AND AcRiDiNE Dyes. — QuinoHue Ydlow is the sodium 
salt of quinoline-phthalon-sulphonic acid. It forms a yellow powder, 
soluble in water or alcohol with yellow color. Used for wool- and silk- 
dyeing. 

Flavaniline is obtained by heating acctanilid with anhydrous zinc chlo- 
ride for several hours to 250° C. The commercial salt is the hydrochloride 
of the base so obtained. Was formerly used for wool- and silk-dyeing, 
and for cotton after mordanting with tannin and tartar emetic. 

Cyanine (Quinoline Blue) is prepared by treating a mixture of qnino- 
line and lepiaine with arayl iodide. It forms a fine blue color, but unstable 
to light. It is not of importance in textile coloring, but is used in the 
manufacture of orthochromatic photographic dry plates. 

Quinoline Bed is obtained by the action of lx»nz<)-trichloride u|K)n a mix- 
ture of quinaldine and isoquinoline. Is also employed in the manufacture 
of orthochromatic photographic plates. 

Acridine Yellow is the hydrochloride of diamido-dimetlnl-acridine. 
Dyes silk greenish-yellow with green fluorescence, and cotton mordanted 
with tannin yellow. 
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Phosphine (Chn"Baniline) is, as was befi)re noted (see p. 397), a bv- 
proddct in tbe manufacture ut' magenta, but is probably diamido-phenvl- 
acriiliue. The phoepliine of commerce is the nitrate or ohlorhydrate of the 
base ohrysaniline. Used at present chiefly in silk dyeing. 

6. Artificial Indigo. — Artificial indigo has now become an article 
of (ximmerce, and in purity and uniformit;^' distinctly excels tbe natural 
product. The first important synthesis waj; that utilizing what is known as 
"propiulic pa.stc,'' which is a moist paste containing a definite percentage 
(usually twenty-five percent.)of o-nitroplienyl-propiolie acid prepared froai 
synthetic cinnamio acid. Proftssor Baeyer found that this o-nitrophenyl- 
propiolic acid when in alkaline solurinn is readily changed by reducing 
agents, like grape-engar, milk-sugar, sulphides, snlphydrates, and espe- 
cially by xanthogenate, into indigo-blue. The reducing agents act alrradjr 
in the coid in either aqueous or alcoholic solutions. This "nropiolio 
paste" was used fur a time in calico-printing, being printed on the gnoiU 
along with the reducing agent, but the decomposition of the xanthogennte 
of soda devcKipa mcrcaptau, the unpleasant odor of which adheres vprr 
persistently to the goods, and the blue color is slightly gray in shade. It 
has therefore been given up for the present. 

Ralle's artificiiil indigo (due to Baeyer in conjunction with Drewsen) is 

Erepared by converting o-nitrobeozaldehyde into a-nitrophenyllacto-ketoK 
y the action of acetone. The product of the reaction is then chan^ m 
a soluble com[)ouud by treatment with sodium bisulphite, and is sold uwW 
the name of '* indigo salt." This salt, if dissolved in water or tliickeiieJ 
with any suitable substance and afterwards applied to woollen fabrics »nd 
these passed through a solution of caustic soda of 20° B., causes the frill 
color of indigo to develop. 

Following these sytitneses comes that of Heumann from phcnvl-gkco- 
coll, which, wheu fused with caustic alk>di, yields pseudo-indoxvl, and this 
ia easily changed into indigo by atmospheric o.<cidation. 

Similarly, phcnyl-glycocoll-o-carboxylic acid (from cbloracetic and an- 
tbranilic acids), heated with caustic alkalies, yields the same results. 

This last syntlicsia of Heumann and that of Baeyer and Drewsen, men- 
tioned above, are the two which are now commercially carried out. 
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(o) ASTHRAQt'lNONE DERIVATIVES, — AlUarin. — This term may be 
applied commercially to the pure dioxyanthraquinone found in the moddei^ 
root and made artificially from anthraquinone-monosnlphonic acid, or to tbr 
two trioxyantbraquinoues obtained from aDtliraquinone-disuIphoiiic x'idt 
and known more accurately as antlirapurpurin and flavopurpurin. The 
first or true alizarin is the blue shade alizarin. This is a yellow pouder 
coming into commerce as a ten per cent, or twenty per cent, jxiste. When 
dried and sublimed it forms splendid oninge-red crystals, melting at '2J<0°C. 
It is insoluble in water and s)>aringly soluble only in cold alcohol. Sulphuric 
acid dissolves it, and on diluting the alixarin is precipitated again unchingni- 

1 It acts as a weak acid, and forms alizarates with the alkalies and metall)<^ 

\ liydrates. 

r Anthrapurpurin (Isopurpurin), as before stated, is a trioxyanthraijui- 

' none, but is generally produced along with the preceding compound in the 
manufacture of commercial alizarin, as Iwth the monosulphonic aod the 
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disulpbonic acids are obtained in sulphonating anthraqainone. Anthra- 
purpurin is obtained in tbe purest state by melting pure /?-anthraquinone- 
disulphonic acid witb caustic soda and chlorate of potash. It melts at 
360° C. 

Flavcpurpurin is obtained also in the manufacture of commercial aliz- 
arin, and can be prepared as sole product by melting a-anthraquinone- 
disulphonic acid with caustic soda and chlorate of potash. Forms orange- 
colored needles, melting at over 300® C. A mixture of anthrapurpurin 
and flavcpurpurin with little alizarin constitutes the commercial yellow 
shade alizarin. 

Purpurin is also a trioxyanthraquinone, but differs in its molecular for- 
mula from both anthrapurpurin and flavopurpurin, and is therefore one of 
three isomers. It is not a constituent of commercial artificial alizarin, but 
is found accompanying true alizarin in the madder-root. It forms red 
needles, beginning to sublime at 150® C. and melting at 253® C. It is 
soluble in boiling water with dark-red color. 

Alizarin Bordeaux 5 is a tetraoxyanthraquinone, and is made by oxi- 
dizing alizarin with fuming sulphuric acid and saponification of the ether 
so formed. 

Alizarin Gyanine R is penta-oxyanthraquinone obtained by oxidizing 
the alizarin bordeaux in sulphuric acid with manganese dioxide and heat- 
ing the intermediate sulphuric ether with dilute acid. Dyes wool mordanted 
with alumina violet, with chromium blue. 

Alizarin 0/«n(/e (Nitroalizarin) is formed from alizarin by the action of 
nitrous acid, or by the action of nitric acid of 42® B. upon alizarin sus- 
pended in glacial acetic acid. It forms a yellow paste of twenty per cent, 
dry material. Aluminum salts form an orange color, chromium salts a 
brown-red shade. Used with silk, wool, and cotton. 

Alizarin Red is the sodium salt of alizarin-monosulphonic acid, and 
Alizarin Maroon is amidoalizarin. 

Alizarin Blue is a dioxyanthraquinone-quinoline, and is made by heating 
/9-nitroalizarin with glycerine and sulphuric acid to 90® C. Dark blue 
powder, almost insoluble in water. Hence is used either by reduction with 
zinc-dust, jrrape-sugar, or similar reducing agent and subsequent atmos- 
pheric oxidation, as in indigo-dyeing, or by forming a soluble compound 
with alkaline bisulphites, designated as Alizarin Blue 8. This latter is 
much faster to light than the original color. 

Alizarin Indigo-blue S and Alizarin Green S are similar sodium bi- 
sulphite compounds, — the first of penta-oxyanthraquinone-quinoline and the 
second of tri- and tetra-oxyanthraquinone-quinoline and their sulphonic 
acids. 

Anthracene Brown ( Anthragallol) is a trioxyanthraquinone. 1 1 is formed 
by heating benzoic and gallic acids with concentrated sulphuric acid, or by 
heating pyrogallol with phthalic anhydride and zinc chloride. It comes 
into commerce as a dark brown paste, and yields very fast shades. 

Ruffigallol is a hexaoxyanthraquinone, and is made by the action of sul- 
phuric acid upon gallic acid. 

(6) Oxykdone Colors otha* than Anthraquinone Derivatives. — Alizarin 
Yellow A is made by the condensation of l)enzoic acid with pyrogallol, and 
i-* a trioxybenzophenone, while Alizarin Yellow C is made by the condensa- 
tion of acetic acid with pyrogallol in the presence of zinc chloride. It is 
a gallacetophenone. 
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AnUiracew Ydlou? is obtained by the treatment of dioxy-^-meihvlcoD- 
■Mrin with bromiae. 

Alizarin Black S is the sodium bisulphite comjKiiiHd of naphtliaiariiie 
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17. AnalTttoal TMa and MMhoda. - 

Li this aeotioD it is not tlia iidentioci to ej^haiist the subject of the chemical 
wtaminatioQ rf ooaMar colony but to briefly indicate the more important and 
diataoieriBtio tests, llw cobldete cbemical analysis of tlie artiiiciiil organic 
dyes is vajr sddom nsMted to, dw analyst usually determiniDg the itlentU^ 
(» die coloring maUba by means of the tabular schemes whi<£ have been 
puUished from time to time as new products have appeared on the luarkci, 
and ffltJmatii^ the maidtare of dw saiuple and euch foreign substanets as 
tbe sDlphatea of soda, and of m^oesia, salt^ sugar, starch, and dextrine. 
sand, etc. Of omndnaUe value m connection with tlie above is a dyed 
sample of dotb or yam, iriiicli, aldiough not strictly a chemi<:al lest, h -me 
of equal importance, especially for tlie information of the immediate ubct 
of the dye. The rec<^ition of dyes, either by themaelves or on the Sbre, 
is often desirable, but this requires considerable care and judgment, from 
the &Gt that a very large number are simply mixtures, acme witb as many 
as five separate dyes ; in such cases the task is almost hopeless. These mix- 
tures are sometimes made at the color raanufectory, and again by the local 
agent ; in the latter case, usually to supply some particular shade called for, 
and generally without anyregara to the chemical nature of the coostitueols ; 
this indiscriminate mixing accounts in a measure for the atreakiness and 
uneven etTects noticed in dyeine piece goods and yam with sndli oolors, 
which cannot always be detected by dyeing the small test samples in the 
laboratory, 

Faetness to Light is determined by exposing one-half of a dyed sk^ or 
piece of dyed cloUi to the action of direct sunlight for a definite time, eay 
thirty days or longer. 

Fastness to Soap, — A piece of dyed cloth or yam is worked in a neubvl 
soap lather, washed, dried, and compared with the original. 

Comparative Dye-triah. — For this purpose vessels of glass, porcelain, w 
timieil copper are most convenient, — the latter is the best suited, — and if 
means can be had to provide heating by steam, it leaves nothing to be de- 
sired. When several comparative dyeings are to be made at one timeof the 
same class of samples, one equal temperature is necessary. 

For Wool and Silk. — In either case it is best to use a vessel containing 
about one litre. Fn>ni twenty to twenty-five grammes of wool (jam or 
febric) and about five to ten grammes of silk answer well for the tests. 
The quantity of dye used varies, although two standards, representing one 
per cent, and five per cent, of the weight of the wool or silk, answer, as they 
give two shades which are convenient for estimating the dyeing value of 
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the sample. To make the test, the color is weighed out carefully, washed 
into the dye-bath containing water, and brought to the boil, into which the 
material, previously wetted out, is immersed and kept moving about for a 
definite time, say twenty to thirty minutes, or until the bath is exhausted of 
color, when it is withdrawn, washed, dried, and the shade compared with 
a swatch of the same weight, treated under exactly the same conditions as 
to temperature, time, etc. 

To determine the relative dyeing values of color samples, two solutions 
of equal value are made of equal (known) weights. of the dyes, and two 
dyeings are made as above, only adaing the dye solution to the bath as fast 
as it is taken up by the fabric ; a point will be reached when no more color 
will be taken up, when the addition must stop, the difference in the volume 
of the solution remaining, from their original volume, gives the amount used 
in each test ; and as the strength was known, the relative amounts absorbed 
by the fabric can be calculated. The above applies equally to silk. No 
general rule can be given which will embrace the application of the colors 
to fibres in testing, reference must be had to the various classes of dyes and 
methods in Chapter XIV. 

For Cotton. — Few colors are directly applicable to this fibre without 
previously mordanting it with suitable substances which will cause the 
color to remain. In tne laboratory, a quantity of cotton is taken (yam or 
piece), boiled well in water, and immersed in a five per cent, solution of 
tannin for about twelve hours, when it is removed and boiled in a bath con- 
taining two and a half per cent, of tartar emetic for thirty to forty-five 
minutes, washed, dried, and kept for use. (Other mordants — e.g.y tin, iron, 
alumina, etc. — are used according to the kind of work done in the estab- 
lishment.) In the matter of printed goods, swatches of cotton cloth, mor- 
danted on one piece with several bases, are made by the printer, and these 
are then passed through one solution of color, and the effect can be conveni- 
ently noticed. 

For Woollen Yam Printing. — Pastes are made up of the color in vary- 
ing strengths with starch or flour, and with such assistants as may be re- 
quired, such as oxalic or tartaric acids, stannous chloride, etc., in the fol- 
lowing manner : Five grammes of color are taken and mixed with a little 
water containing dextrine or glycerine, and this is made up to five hundred 
cubic centimetres with a paste of flour (one pound per gallon). Twenty or 
thirty strands of yarn about a metre long are taken, held at one end, and 
the color-paste rubbed well in for a space of about six inches with a glass 
rod or spatula ; one-tenth of the color-paste is emptied out, and the remain- 
ing is diluted again to five hundred cubic centimetres, and this is then 
applied to the yarn, leaving a space of an inch or so from the first. The 
diluting operation is continued so that the printings on the yarn will repre- 
sent color in the proportion of 1, .9, .8, .7, etc., giving a range of shades of 
one color. The yarn so printed is then steamed for about twenty to thirty 
minutes under pressure, or longer without pressure, washed, and dried. 
This method is of much value in matching and valuing shades in tapestry 
carpets. 

By Oolorimetry. — This method involves the use of two graduated glass 
tubes, closed at one end, each of the same diameter, thickness, and length. 
The standard sample of dye being weighed and dissolved in water, is poured 
into one tube, while an equal weight of the sample to be tested is poured 
into the other, and by holding the tubes to the light the depth of color is 
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No Precipitation takes Place. — The color is acid. 
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Chemical Analysis of Dyes. — Ultimate analysis is not within the scope 
of this work. Proximate analysis is constantly resorted to, and embraces 
the determination of the moisture^ mineral matter ^ salis^ starches'^ etc. 

Determination of Moisture.— -One to three grammes of the coloring 
matter are weighed in a shallow porcelain or platinum dish, and ex}X)sed to 
a temjierature of 100° to 105° C. in an air-bath, allowed to cool in a desic- 
cator, and weighed again, the difference is moisture. 

Insoluble Matter. — Tlie dried residue from the above is dissolved in 
water, warmed to facilitate solution if necessary, and filtered through a 
small tared filter, washed until no color remains, dried, cooled in a desic- 
cator, and weighed. If dextrine is present, it will be noticed in this test 
by its odor. 

Sodium Chloride (Common Salt). — ^This is usually determined by nitrate 
of silver, but as many dyes contain chlorine in the molecule, the addition 
of this reagent directly to the solution is inadmissible. Salt can be esti- 
mated indirectly by calculating from the amount of chlorine found in the 
ash left upon igniting some of the dye by dissolving in water, filtering to re- 
move any insoluble matter, acidulating with a few drops of nitric acid, and 
adding nitrate of silver to complete precipitation. Then boil for a few minutes, 
and filter, wash well with warm water, dry on the filter, remove the pre- 
cipitate carefully, and ignite the filter separately, when cool add one or two 
drops of nitric acid and a drop of hydrochloric acid, ignite again, and add 
the main bulk of the precipitate, and ignite until the edges begin to fuse, 
cool in a desiccator, and weigh the chloride of silver, from which can be 
calculated the percentage of salt. Allen states that chlorine so found 
probably existed originally in the dye as common salt. Another method, 
which does not answer in every case, is to acidulate an aqueous solution of 
a known weight of the dye with sulphuric acid, agitate with several changes 
of ether until all the color has been taken up from the aqueous solution in 
which the salt remains, sej>arated by a tap-funnel, when it can be precipi- 
tated and estimated as usual. 

Sulphate of Sodium (Glauber's Salt) in the anhydrous condition is an 
admirable adulterant for light-colored dyes. By adding a hot solution 
of barium chloride to an acidulated (hydrochloric acid) solution of a dye 
which is sulphonated, and contains an admixed sulphate, a precipitate of 
barium sulphate and barium sulphonate will be formed, this is filtered and 
well washed with water, and treated with a solution of ammonium carbonate, 
the sulphonate will be converted into barium carbonate by decomposition ; 
upon adding dilute hydrocJiIoric acid, the carbonate dissolves while the sul- 
phate will remain unchanged, wash with wann water, dry, detach from the 
filter, ignite, and weigh. 

Sulphate of Magnesia (Epsom Salt). — This body is to a considerable ex- 
tent employed as an adulterant, and as magnesium is never a chemical con- 
stituent of tar-dyes, its presence in the ash is conclusive. The estimation 
is carried out by igniting the dye, dissolving in dilute hydrochloric acid, 
filtering if necessary, adding ammonium chloride and a slight excess of 
ammonium hydrate, and finally a sohition of sodium ammonium ])h()sphate, 
stirring, care being taken to prevent the glass rod used from rubbing the 
sides of the beaker, and allowing to stand overnight, filter, wash, dry, ignite, 
and weigh as magnesium pyrophosphate. 

Carbonates. — Indication oi presence by effervescing upon addition of a 
dilute acid. Estimated by use of one of the forms of carbonic acid apparatus. 



ANALYTICAL TESTS AND METHODS. 429 

The initials or names in parentheses following the names of the dye-colora 
are those of the manufacturers who furnish the particular dyestufT, and will 
be readily understood by those accustomed to handle these wares. 

A separate column has not been made for nitric acid, but where its 
action is distinctive it is noted under the head of remarks. 

Method of Procedure, — For the testing with concentrated acids and 
caustic alkalies small watch-crystals are most advantageously used. These 
are then placed upon white paper in order to be able to observe carefully 
the changes of color. The concentrated acids are most conveniently dropped 
from small dropping tubes or pipettes, so that they can be added drop by 
drop until the fibre is completely covered. After addition of the acios 
four to five minutes are allowed, and the action is then noted. The watch- 
crystals are then heated carefully by using a very small flame or placing 
them upon a steam-coil, but the liquids upon the watch-crystals should not 
be allowed to boil. After waiting a few minutes and allowing them to 
cool, water is added to the contents of the watch-crystals. 

All the other reactions of the tables are carried out in test-tubes. The 
fibre is placed in the test-tube, covered with the reagent, and allowed to 
stand for several minutes, then heated without quite bringing the liquids to 
the boiling-point, when the action is carefully noted. FinaJly the liquids 
are boiled for a short time. The solution is then poured off and caustic 
alkali or acid, as the case may be, is added, and any change carefully noted. 
After the tests with concentrated hydrochloric or sulphuric acids the fibres 
are well washed with water in order to observe whether the original color 
is thereby restored. 
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CHAPTER XIII. 

NATURAL DYE-COLORS. 

I. Raw Materials. 

The raw materials to be described liere are a series of vegetable dyes 
coming into commerce partly as compact heart woods and roots and partly 
as masses of separated coloring matters, togetlier with a few dried animal 
remains yielding coloring matters. We shall take them up most con- 
veniently m groups according to the colors yielded. 
A. Red Dyes. 

1. Brazil-wood and Allied Woods (syn. Rothhok, Bois de Brisil). — ^The 
various species of Ocesalpinia yield woods which appear to contain a com- 
mon chromogen, brasiliiiy Ci^Hi^Oj. This seems already in the wood to be 
changed in part into the corresponding coloring matter, brasilein, CijHijOj. 
And the change may be made complete by oxidizing the alkaline brasilin 
solution in the air or by acting upon a hot solution of brasilin with an alco- 
holic iodine solution. Liebermann and Burg ascribe to the crystals of bra- 
silin the formula Ci^Hi^Oj + HjO, and call attention to the fact that it bears 
the same relation to hsematoxylin, Ci^Hi^Og (see p. 448), that alizarin bears 
to purpurin. The best known varieties of the wood are known by the 
following sj)ecial names : Pernambueo-wood, from Ocesalpinia cristay grown 
in Brazil and Jamaica, yellowish-red in the interior, becoming red and red- 
dish-brown on the sur&ce. Brazil-wood, from Ocesalpinia Brasiliensis, 
grown in Brazil, as well as the Antilles and Bahamas, is brick-red in the 
interior, becoming brown-red on the surface. It is inferior in coloring power 
to Pemambuco-wood. Sapan-wood, from Oossalpinia sappan, grown in 
Siam, China, Japan, Ceylon, and the Indian Archipelago is somewhat 
lighter in color than the other varieties. It is yellowish-red in the interior 
and bright red on the surface. Lima-wood, or Nicaragua-wood, from Oces- 
alpinia bijugay is grown in Central America and the north coast of South 
America. The Santa-Martha-wood of Mexico and Peach-wood are by 
some writers considered as of the same species as Nicaragua- wood, and by 
others are derived from Ocesalpinia echinata. They have a dirty-red color in 
the interior, becoming paler on the surface. Bahia-wood, California- wood, 
and Terra- Firma-wooa are other less known varieties of the same class. 

2. Sandal-xcoodj Oaliatur-wood, Bar-woody and Cam-wood (syn. San- 

idholzy Bois de Santal rouge) form another group of woods which are alike in 

many particulars and contain probably the same coloring matter, santalin, 

C HtgOg. They differ as a class from the Bmzil- woods in their more resin- 

lus characters, and are often known as " close woods" in contrast to the 

thers BS '' open woods." The Sandal-wood (Red Sanders), from Pterocar- 

iuxiitcilinuSy is grown in the East Indies, Ceylon, and Madagascar, and is 
^ ^ ha>td and heavy wood, dark brown on the surface and bh)od-red in 
^^JO J ^^ Caliatur-wood comes also from tlie East Indies, and though 
Ipter 'j^^(;itute for the sandal -wood is considered as a distinct variety. 
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From the madder-roots are also prepared by fermentation and filtration 
of the separated dye-colors the commercial extracts known as " madder 
flowers'^ and " guarancine." One hundred kilos, of madder will yield fifty- 
five to sixty kilos, of madder flowers. 

The tinctorial value of the madder depends upon the existence of the 
two coloring matters^ alizarin^ C14H8O4, and purpurin, Ci4Hg05, both of 
which have been mentioned under the artificial dye-colors derived from an- 
thracene. (See p. 420.) These are not found free in the growing plant^ 
but combined as glucosides and other compounds easily decomposable by 
fermentation. As a nitrogenous and soluble ferment erythrozym is present ; 
so soon as the solutions of madder extract are exposed to the air the rvbery-' 
ihric add (or alizarin glucoside) is decomposed into alizarin and dextrose 
and the pseudo-purpurin (or naturally occurring purourin-carboxylic acid) 
is decomposed into purpurin and carbon dioxide. Two other anthracene 
derivatives also occur in madder, both probably as decomposition products 
of pseudo-purpurin, munjistin^ CuHgOg, and xanthopurpurin, Q^jifi^ (the 
latter of which is isomeric with alizarin). 

The importance of madder and madder preparations has almost entirely 
disappeared with the development of the artificial alizarin manufacture. 
The colors obtainable from alizarin, isopurpurin or anthrapurpurin, and 
flavopurpurin, which are the products of tne synthetical methods, have 
almost entirely replaced those formerly obtained from madder. 

4. Safflower (syn. Safflor, Fteurs de Oarthame) consists of the dried flowers 
of the Carihamua tindoriasj a plant first grown in Egypt and the East 
Indies, but now grown in Asia Minor, Spam, Alsace, Austria, and Central 
Germany. The flowers are of a deep reddish-orange color, and contain, 
besides a yellow coloring matter of no technical value, carthaminy or car- 
thamic acid, Ci4Hig07, a red dye of considerable importance for silk- and 
cotton-dyeing. It forms from .3 to .6 per cent, of the weight of the flowers. 
" Safflower carmine" is a solution of the carthamin in soda, and *' plate 
carthamine" is a pure preparation of the dye which has been dried in crusts 
upon glass or porcelain plates. The most important commercial varieties 
of safflower are the Egyptian, which is the richest in dye-color, the East 
Indian, the Spanish, and tlie Grerman. Safflower comes from Spain and 
France, the production having amounted in recent years to 400,000 pounds. 
However, it is now almost entirely displaced from use as a dye- by the 
artificial dyes. 

5. Oraeillef or Archil (syn. Ors^Hhj Persio, Cudbear). — ^The various species 
of lichens, as RoceUa tindoria and Rocella fuciformis from Angola, Zanzi- 
bar, Ceylon, and Mozambique, as well as from the Azores and South Amer- 
ican coast, contain a mixture of phenols, phenol-ethers, and phenol-acids, 
such as orcin (or orcinol), erythric, orcellinic and lecanoric (or diorcellinic) 
acids. These by the action of air and ammonia yield orcein, contained in 
the orseille (archil) extract as a red dye, and on drying the extract the cud- 
bear or persio as a reddish-violet powder. 

Archil extract occurs in commerce in two forms, paste and liquor. The 
solid matter consists mainly of the impure orcein in combination with am- 
monia. Its preparation will be referred to later. Cudbear (or Persio) 
differs mainly from the orseille extract in being free from all excess of 
ammonia and moisture and in being reduced to a fine powder. An illustra- 
tion of the orseille-yielding lichens is given in Fig. 116 (see preceding page) 
in the lower left-hand figure. 
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_ fc-:,jfn. CbekeniiU) is tlie dried female insect Cbeaa Ctafl, 

wbieli liv«» and prows on the p\anti of the Cactus lam!ly, e^tecially ibe 
" Di^al," or KhrluM ofMittia. The n>ipal-plant is indigenous to Slexiw. but 
is alsrt i-uliivatrd lai^y id Ceniral Amenta, the Cananr Islands, the Isliuid 
of Tt^t.-nfrc-, Algeria, and the Evt [odies. 

Tltc (»iuau'rfial varieties of oocbineill are known as the aitcay-gray ioi 
the tJnei oK-liiiKai. These varieties are apparmtly prodnved according tii 
the niiihoit ad'^tcd forkillit^ thi> inMKts when they are sn-ept off the leavei 
ul' the nopal-plant, if killed by iromenion io hot water or by Eteam ihey 
lose the whitish dnsi with which they are wverfd and constitute the Uack 
variety {atcealila) ; if killed by dry heat in ovens thb dast remains sod 
they yi<4d the silvery-gTBy variety' (ftfaiwro.) This laner is CDDsidcrnl ihe 
better, ami is sometinwH simulaled by dusting; the black x-ariety with pow- 
dered tale, gj-psam, barrt**, or stearic.' acid. The namra] gray powder is ■ 
variety of wax known as coccfHit. 

The coloring matter of the oocfaineal is carminie aeW, C,jHyO,o, and mar 
amount to titteen |Kr oent. of the weight of the dried eochineal, alilion^ 
Lieliermann states that Ibe average is Itvrn nine to ten per oenL Carmioic 
acid is a puqjle substance soluble iu water and alcohol, Dul only slightly SO 
iu ellicT, C'iilorinc readily dc*tro)*s the oarrainic acid and uascvnt hydrogen 
rediKvs it to a leueo body, which again bewmes red on exposure to the air. 
CbemicaJIv it is a gliwx^ide, beii^ cajjable of d««mposition into oomiine- 
rtd, C„HbOp and a sugar, C,H„0, 

OarmiQiv acid disoK-es iu causlii- alkalies with a beautiful ml color, fonns 
purpK- |ir\vipitati-i with l«niuii. limt-, l-wl, and ii^ppor. and a fino rf] lake 

dilfereutly from a solution of the pure carmlnic aad owing to the presence 
of phosphates, tyrosine, etc. The addition of alum or stannic t^oride to 
it yields the fine red pigment known as " oodiineal carmine." This as well 
as other preparations from cochineal will be referred to again under products. 
(See p. 458.) 

7, Kenues {sya. Kermin, AUxrmeg) is a correspond! lut substance to coch- 
ineal, and coasists of the dried female insects Cbccua JIum, which borrow 
under the epidermis of the leaves or young shoots of the keimes oak 
(Quavus Corel/era), growing in the south of France, Spun, and Algeiin 
The coloring matter of the kormes insect has not beoa suffidmtly iuveEtJ- 
gated ; it is said to be identical with that of cochineal. It is not used aoy 
longer iu dyeiug. 

8. Imc ilye (syn. Fnr^frlack) b the product of the Cbccua Laeca, an East 
Indian insect which lives on the branches of the fig and other trees. Tbe 
female insects exude a resinous substance which ^doses them and attaches 
*bem to the twig. This constitutes the "stick-Ue" ^ee p. 98), which 

otains about ten per cent, of coloring matto*. This latter may be oh- 

ined by treating the stick-lac with carbonate of soda. The coloring mat- 

iT of lac dye has been studied by Schmidt, who terms it laoeaimc acid, 

'-'iiH„Oj, and found it to be very similar to carminic acid in most of its 

lections. Many writers consider tlie two to be identical. 

B. Yellow Dvfs, 

1. (Md FuMic (syn. Gelbboiz, Boh jaune) is the trunk wood of Monu 

t**tctoria, indigenous to the West Indies and South America. It is also 

^ded by the iladura tlnctoria and BrousgontHa tinctoria. The wood is 

' and compact and has a pale citron-yellow color. It contains two col* 
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oring principles, morin, or moric cuddy CjsH 0O7, which occurs in the wood 
combined with lime, and madurin, or moritannic dctd, CuHioOg, both of 
which are yellow dyes and are contained in the commercial extract. 

2. Young Fustic (syn. Fisetholzy Boia de fuaiet) is the bark-free wood of 
the Rhu8 cotinvSy a variety of sumach growing in the Levant, Spain, Hun- 
gary, Tyrol, and Italy. The coloring matter is stated by Schmidt to occur 
as a soluble compound of fustin and tannic acid. This fuaiin is a glucoside, 
and is decomposed by dilute sulphuric acid into fisdiuy CigHjoOe, and iso- 
dulcite. A decoction of young fustic gives a fine orange color with alka- 
lies and bright orange precipitates with lime and baryta-water, stannous 
chloride and lead acetate. It also gives a fine orange color with alumina 
mordants. 

3. Quercitron is the crushed or rasped bark of the Quei^cus nigra or 
Quercus tindoriay indigenous to North America, and grown also in Ger- 
many and France. It forms a brownish-yellow powder, from which an 
extia.rt is also made. The coloring principle is quercitrin, G21H-2O12, a 
glucoside, which is decomposed by dilute sulphuric acid into quercUiUy 
Cj^HoO;, and isodulcite. Besides quercitin, the bark contains quercitan- 
nic acid, C^^Il^^O^ Quercitin is difficultly soluble in water, but easily 
soluble in alkaties with golden-yellow color. " Flavine" is the commercial 
name of a preparation of quercitron obtained by acting upon the bark first 
with alkalies nnd treating this extract with sulphuric acid ; it is a varying 
mixture of quercitrin, ouercitin, and isodulcite, having some sixteen times 
the coloring power of the bark. 

Flavine and quercitron bark are used chiefly for dyeing cottons and 
woollens with tin mordants. 

4. Persian BerrieSy or Avignon Berries (syn. Gelbbeereny Graines jaunee), 
are the dried fruit of different buckthorn {Rhamnus) species. The differ- 
ent commercial varieties are the Persian (from Rhamnus amygdalinus and 
Rhamnus oledidus), coming from Aleppo and Smyrna, regarded as the richest 
in dye-color and the best in use, the French, or Avignon (from Rhamnus 
infectoria and Rhamnus saxatilis)y the Levantine, or Turkisn (from Rham- 
nus infectoria and Rhamnus saxatilis), and the Spanish (from Rhamnus 
saxatilis) and the Hungarian (from Rhamnus amygdalinuSy etc). 

The coloring matter of the Persian berries is called by Liebermann 
xanthorhamniny or chrysorhamnin, and is a glucoside, yielding under 
the influence of dilute acids rhamneiiny CigHiaOy (or methyl-quercetin, 
C15H O7.CH3), and isodulcite. Persian berries are used for yellows on 
wool and cotton with alumina or tin mordants. 

5. Weld (syn. Wau, Gelbkraut^ Gaude) consists of the leaves and other 
parts of the Reseda luteolay a variety of mignonette. It is cultivated in 
almost all parts of Europe, notably in the south of France, Germany, and 
England. The coloring matter is known as Ivieolin^ CisHjoOg, and forms 
yellow crystals of silky lustre, insoluble in water, soluble in alcohol. It dis- 
solves in alkalies with deep yellow color. It is use<l especially in silk-dyeing. 

6. Annatto (syn. Orlean, or Roricou) is prepared from the fleshy j)ulp 
of the seed-shells of the Bixa orellanay indigenous to the West Indies and 
South America, but cultivated also in the East Indies. The commercial 
annatto forms a soft reddish-yellow paste of buttery consistency, or some- 
times it is dried in hard cakes. It contains two coloring matters, 6/,rtn, 
C28Hg405, and orellin, the former of which — the more important^ — is a red dye 
and the latter a yellow. The bixin dissolves in alkalies with yellow color. It 
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ii used someirhsl in silk-dyeing. Oretlin is as ret oolr slightly studied, 
■id is considered by ^aome to be rimply an oxidation product uf bixin. By 
ftr the I&r]^e5( anunat of annUio i^ osed not in dydng but in coloring bol- 
ts- and dweae. (See p. 270.) 

7. Turm^ne (svn. Ofihvtirz, CVrvitma) is the tuber of the C^ircitma taie- 
3 and Cuiraaiia robmda. The roots are usually gravish-yrllow <m the 
rrior but deep yellow in the interior. The plaut is indigenous to Ctii- 
tnl AeiM. The varieties of it are the Oiinese. Java, and Bengal, of nhtdi ibe 
Iriter is oondderMl the best The coloring principle b carcumin, C[,H„Ou 
vliich acts like a weak acid. The pure color b oright orange-red, but it 
Ateolves in alkalies with a red-brown color. It b not employed alone as a 
^e-i'l' :■, ' ui i- 1—! :a wool- and ^Ik-dyeing for compound colors. 

1. Adiffo (i^B. Ady-Uns Ituligo). — This is by &r the most impoitsm 
ti all tlie v^etiUe Ajm. It ua b^n knonn from very early times in the 
"" ■ ' ■ ... - I ^^ Europe until the sixteenth century, where 

1 because of the general rulture of the trosd, 



that \xs, emuloyment was legally penuJtte'I 



ib iiBB ms st fint iiTwriTirtiiii b 

and indeed it ms od^ in 1737 ^ . . 

in Vtmat. Hownw, in tinH it displaced the woad almoet entirely, so thai 
- 'Aa latter is oaed bow aaljr ia a icw sgaaal «a&GK. 

The in^o-glaiit ia aa iaJijaftra, <hft MDre important varieties of which 
arc tiie huS/mani UmakanOf eaUifBled ia lodia, particularly in Beasal, 
OonHnaadd, JudoL^ Ja*^ aad Uaoila ; the Indigoj'era Anil, cultivated in 
Gnateniala,OuaeM^BnuRl,aadtlw AntSDea; the Indigofera Argentea,cu\6' 
TSted in Eeypt, Smc^al, aiid tbe LUe of F^n<-e. Of Ie»~^r importance aiv 
the Indigojera duperma and the Indigofrm j,-- (,,',',,,, r,,, ;.;^ L.tl, . idiiv^ti'l 
in the East Indies. The Indigo/era Undoria b shown in Fig. 116 (seep. 
442} to the led of the illustration above. The indigo dye does not exist u 
sacD in the plant but as the result of fermentation, wberdby the naturall; 
oocorring indican, a glucoside, b decomposed, most probably according to 
the reaction : 

2C_HsNO„ -I- 4H,0 = C„H„N,0, + 6C,Hu,0^ 

IndlcuL Wuer. Indlio-blae. iDdl^udn. 

The plants are cut at two or three different periods in the year when they 
have just come into bloom. They are at once packed into bundles and put 
into the sosking-\'ats covered with water. A fermentation here ensues, 
which b completed in from ten to ^hteen houra, aoconling to the tempen- 
ture of the air and the ripeness of the plants. When the supernatant liquid 
has taken a yellowish-green oolor and has a pleasant sweetish taste, the fo- 
mentation b stopped and the liquid b run off into vats placed at a lover 
level. Here it b Dcaten vigorously with sticks or paddles for from one aiA 
half to three hours by men who enter the vats for the purpose. The liquid 
changed by this treatment to a deep-blue color and becomes covered with 
roth of like color. When the men leave the vat to rest, the separated 
indigo rapidly settles, and in some two to three hours the supernatant liqniil 
can oe nm off from stopcocks placed in the side of the vat at leveb above 
the indigo precipitate. Milk of lime is often added to hasten the settling 
of the separated indigo, and more recently dilute ammonia has been used. 
The addition of this latter reagent is said to increase the yield of indigo 
and to improve its quality, as it contains less indigo-brown and resinous 
'•purities. The thin paste of indigo and water b then drawn off, boiled 
■nrent subsequent fermentation, and strained through a sheet It e 



HAW MATERIALS. 447 

then put into square press-boxes lined with cloth and provided with holes 
in the sidM and bottom for thorough drainage of the indigo. Pressure is 
tlien applied, gentle at first but stronger as the indigo hardens and atiiuir^s 
a firmer consistency. The mass is then cut into cubical blwks, whit^ are 
stamped with the name of the factory and put on shelves in the drying- 
house to slowly dry out, great care being taken to avoid drafts of air, which 
might cause the cakes to crack in drying. Three hundred kilos, of indigo- 
plants yield an average of one kilo, of indigo. The commercial product 
contains from twenty to eighty per cent, of the indigo-blue (averaging about 
forty-five per cent.), and with this two other coloring jnatters, indigo- 
brown and indigo-red, besides indigo-gluten, moisture, and a variable 
amount of mineral matter. 

The commercial varieties of indigo are, first, the Asiatic, of which the 
Bengal indigo is the best, followed by the Java, Madras, Coromandel, and 
IVIanila varieties ; second, the American, of wliich the Guatemala is the 
best, followed by the Caracas and the Brazilian varieties; and, third, 
the African, including the Egyptian, Senegal, and Isle de France 
varieties. 

Indigo-blue is insoluble in water, alcohol, ether, dilute acids, and alka- 
lies, soluole in fuming sulphuric acid, aniline, nitrobenzene, cliloroform, and 
glacial acetic acid. It mav be sublimed by heat, although with partial de- 
composition when the sublimation is earned out at ordinary atmospheric 
pressure. By the action of alkaline reducing agents it is changed to indigo- 
white, C'lgHj^iOj, and dissolved. Upon this reaction and the subsequent 
change of the indigo white when deposited uijon the textile fibre, by atmos- 
pheric oxidation Imck again into indigo-blue, is based the use of indigo in 
vat-dyeing. (See p. 484.) Indigo is used on the most extensive scale for 
cotton- and wool-dj-eing, lees generally for silk. 

2. Woarl (syn. Waid, Pastel). — The leaves of the Jsatk tindoria and 
IsaHe bisiianica moistened, slightly fermented, and then compacted and dried 
into balls constitute the woad of commerce and furnish an additional source 
of indigo. As before stated, the use of the woad for dyeing antedated the 
use of the indigo-plant, and the cuhivators of the woad, particularly in 
Central Germany, long fought against the introduction of tlie richer tropical 
indigo-yielding material, but in vain. The woad-culture is still carried on 
in different parts of Europe, particularly in France and Germany, but in 
small degree compared with its former development. The woad contains 
only .3 per cent, of indigo reckoned on the weight of the fresh leaves, or 
as it is often calculated, one hundred kilos, ol' woad have the same color- 
ing power as two kilos, of indigo. The woad balls improve in quality by 
keeping for some years, the best variety coming from the south of 
France under the name of Pastel, The woad is rarely used by itself in 
dyeing operations, but along with indigo as a means of inciting the fer- 
mentation in the " woad-vat" process of dyeing. 

A few other plants, such as Polygonuvi tinctorimn, indigenous to China, 
and Eupaiorlum ttmioriuvi, indigenous to Brazil, have been found to contain 
indigo, and have been used locally for blue-dyeing. 

3. Lofftmod (syn. Bfrnifinlz, Bois de Camp^che). — This is the heart- 
wood, freed from bark and sap-wood, of the Hcematorylon Campechianum, 
a tree indigenous to Camjieachv Bay, Central America, hut grown now in 
various parts of Central and South America and the West Indies. The 
commercial varieties are the Campeachy, Yucatan, Laguna, Honduras, 
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commercial preparation as the alumina lake. This lokaonic acid is decom- 
posed by acids into lokanic acid, CggHjgOji, and lokaose, an inactive sugar. 
Lokao has been used for cotton- and silk-dyeing, but is practically displaced 
by the cheaper artificial colors. 
E. Brown Dyes. 

1. (Jaiechu (or Outch), — ^This has already been spoken of as one of the 
raw materials of the tanning industry. (See p. 322.) It finds, however, 
an equally extended use in dyeing as an adjective color. The explanation 
of this is that catechu contains two principles, catechin, CjjHjqO^ + SHjO, 
a yellow dye forming brown precipitates with copper, alumina, and tin 
mordants, and caiechutannic add, C13H12O5. The former is present in amount 
from twenty to thirty per cent., the latter, however, from forty-eight to 
fiify-two per cent. The best variety of catechu is the Pegu catechu, and 
after this the Bombay and the Bengal catechu. Catechu is extensively used 
in both cotton- and silk-dyeing for bro^Tis and for composite shades. 

2. Kino is a natural dyestufi* very similar to catecnu and comes from 
a variety of sources, as Bviea frondosa and Butea superba, yielding the Ben- 
gal kino ; Pterocarpua erinaceus, yielding the West African kino ; Eucalyp- 
tus corymbosa and other Eucalyptus species yielding the Australian kino. 
The important principles are kinoin, Ci4Hi20g, and its anhydride, kino-red^ 
CiaHgOn. It is used like catechu for dyeing. 

n. Processes of Treatment. 

1. Cutting of Dye-woods. — ^Whether the dye-woods are to be used 
for the manufacture of extracts or used as wood by the dyer, they must be 
reduced to powder or cut into chips of small size. This process varies with 
different manufacturers. In America, it is usually one of cutting with 
powerful knives, in which whole logs are brought with their ends against 
rapidly-revolving cylinders, on the circumference of which are heavy steel 
knives, which cut off flat chips directly across the grain about one-eighth 
inch in thickness. This method is a very rapid one, as but little previous 
splitting of the logs is necessary. In Europe, where labor is cheaper, the 
logs are frequently sawed and split into billets about two feet long and two 
to three inches in thickness, and these are then brought by hand diagonally 
against toothed knives on a rapidly-revolving cylinder, by which means the 
wood is torn or rasped into a much finer condition, or these billets are put 
into a machine which presses them in this way against the revolving knives. 
Such a machine of Grerman design is shown in Fig. 117, where a rotating 
drum, 2), carrying on its circumference a series of knife-blades, is continu- 
ously cutting the billets of wood which are pressed against it. 

2. Febmentation or Curing of Dye-woods. — As has already been 
stated in several cases, the dye-woods in the fresh condition contain not the 
finished dye-color, but a chromogen capable of passing into the former 
under the influence of oxidizing or other agents. Notably is this the case 
with logwood, and the chips or rasped wood are therefore submitted to a 
curing treatment by moistening them with water and exposing them to the 
air in heaps some three feet in depth for from four to six weeks. The chips 
heat up, and the pile must then be turned witli shovels to regulate the 
temperature and allow contact with the air. More water is then added, 
and the process continued until the chips assume a rich reddish-brown color 
or become coated with a bronze powder (hsematein). Various chemicals 

29 
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3. SL\xufai:ture of Dye-ivoud Extracts. — As dye-woods contain 
g^nerallv only a tenth or less of their weight of dye-color, it bceonies a 
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vacnum-pans, but in Europe ofteo consist of open pans or vessels in which 
heated disks revolve so as to favor tiie evaporation. While the liquor is 
still thin, double- or triple-effect pans are used, and of recent years the 
Yaryan evaporators (see Fig. 40, p. 131) have been applied with great suo- 
cess to the evaporaliou of dye-wood extracts. As the liquors become thicker 
the conoentratton is continued in vacuum-pans more an^ogous to the strike- 
pans of the sugar refinery. Such a vacuuni-|^n designed for use in the 
manufacture of dye-wood extracts is shown in !Fig. 120. When the gravity 




of the liquid becomes 42° or 51" Tw., it is drawn off into barrels for ship- 
ment, or if the solid extract is desired the concentration is continued in a 
vacuum-pan. 

Various methods of treatment have been suggested at different stages of 
the process with a view of improving the extract, but it is an open question 
whether anything better than pure water has yet been used. The addition 
of solutions of ^ue and of different salts to the wood before extraction has 
been frequently recommended. Chalk suspended in water and dilute lime- 
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infer have also hcea ri-uiiikiiii-mlit] In \n- uimilarly used. Such pro 
OOnlc! only nsult in aii uvpr-oxiiii/«l prodml. Burax lias also been used, 
Imt witliout notable advantage in the oae of log>viHxI, atthougk it sor\« 
■ wm- well in th« <afie of iho mlwoods. The use (if chlorine, hypochlorilia, 
.and chlorates has been [tatented in connection with logwood extract for addi- 
tion either to the wood or the liquor at^er extraction, but it is doabtAil it' 
any of tfiese are U9»i on a large scale at the pn-sent time. That these sub- 
ituceti and many otlicra develop the color of logwood tlicre <an be no ques- 
tion, but to be of value to thedyer that development niuHt take place iu the 
pRtence of the good& 

The yield of logwood extract by the American process of manufacture 
is said by Soxhlet * to be twenti,* or twenty-one per cent, of solid extract, 
wfaUe tliat by the French process is sixteen and a half per cent. The latter 
IB superior in quality, and is therefore almost invariably reduced by the 
addition of such substances a.s molaH.'tefl, glucoae, and extract of chc^tDuU 
b America, in addition to the above, extract of hemlock and extract of 
qoercitroD (afier the removal of the flavine) are considerably used to a>liil- 




I gnlj^nric add, vfakJi deoomposes 1 

organic substances present and decomposes any lime compounds that may 
have been in the madder. The whole mixture is now thrown into water, 
the precipitate collected, washed, and dried. The guarancine now coDtains 
the alizarin and purpurio in uocombined form. Tne yield is from thirty* 
four to thirty-seven per cent For the preparation of " madder flowetV" 
the powdered madder is set to ferment with warm water to which a little 
dilute sulphuric acid had been added. After some days, the liquid is filtered 
and the residue washed, pressed, and dried. The flowers of madd^ can be 
used more readUy than crude madder in dyeing at low temperatoreg, and 
give finer and purer violets, 

(6) Preparation of Ammoniacal (hchineal and Chrmin*.— Five parts of 
powdered cochineal are mixed with fifteen parts of ammooia-water, and the 
mixture is allowed to stand in a warm place with frequent stirring for stHue 
four weeks. Some two parts of alumina are then added, and the mixture 
carefully evaporated in a porcelain dish until the odor of ammonia has dis- 
appeared. The preparation so obtained, known as ammoniacal cochiitesl, 
yields its color more readily than cochin^ and produces brighter shades of 
color. 

Codiineal-carmine is a brilliant red pigment prniared from decoction of 

ihineal by the action of alum under certain conditions. The details of 
preparation vary and are kept by different manufactuiers as trade secrets. 

lie following process has been published ;t Five hundred grammes of finely- 
powdered cocliineal are boiled for one-quarter of an hour with thirty times 
the weight of distilled water, thirty grammes of acid tartrate of pota^ium 
added, boUed for ten minutes longer, fifteen grammes of alum added and 
boiled for two minutes longer. The clear liquid is allowed to stand in sbal- 

" (Morirt, xiii. p. 126. t Schutzenberger, Die FariMoSe, ii. p. 33B. 
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low glass vcssi'Is, whcii the rarmine sejtarates in a very fine state. It is 
waabed with water and dried in the shade. Or, by iinotlier process,* one 
pound of cochineal and one-half ounce of pota.'^sium carbonate are boiled with 
seven gallons of water for fifteen minutes. The heat having been with- 
drawn, one ounce of jwwdered alum is added, and the liquid stirred and 
allowed to settle. The clear liquid is decanted, one-half ount* of isinglass 
added, and heat applied until a coagiilura forms, when tlie liquid is briskly 
stirred and allowed to settle. 

(c) Prepai-ation of Ffavtne. — As stated before (see p. 445). flavine is a 
preiMiration containing the coloring matter of the quercitron Imrk in purer 
and more concentrated form. The method for its preparation is not gener- 
ally known, although it is found to contain quereetin as well as quercitrin, 
and frequently the former in larger amount. 

A procedure that has been itublished f is the following : Two hundred 
and fifty kilos, of the powdered quercitron are boiled for fifteen minutes 
with fifteen kilos, of crystallized soda and two hundred kilos, of water, tliere 
is then added to the liquid sixty-one kilos, of sulphuric acid of 66° B., and 
the boiling continued tor three-quarters of an hour longer, when the whole 
is allowf^d to cool and settle, the liquid poured off, and the separated color 
drained and dried. 

(d) Preparation of hidigo-carmine, Soluble Indigo, do, — It was stated 
in an earlier section (see p. 
447) that indigo-blue was sol- 
uble in strong sulphuric acid. 
The solubilit}- depends, how- 
ever, upon the chemical ao- 
tion of the acid, whereby sul- 
phonio acids of indigo are 
formed. Two such acids, 
indigo-monosulphoni c acid 
(sulpho-purpuric acid), CkH, 
tHSO,)N,0„ and indigo-di- 
8ul phonic acid (sulphindigotic 
acid), C„Hg(HSO,)^',0„ are 
formed. Of these, the first is 
insoluble in water or dilute 
acids, while the second is sol- 
uble with deei)-bhie color. 
Both are formed together in 
practice when indigo is dis- 
solved in strong sulphuric 
acid, although if not more 
than four parts of sulphuric 
acid to one of indigo Ite used 
and too prolonged heating be 
avoided, the monosid phonic 
acid will be formed predomi- 
nantly, while if some fifteen 
pBTtfl of ordinary concentrated 
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inlpluiria Mid be taken to one of indigo and the heatmg be outitiaiied, thp 
dimlpbomo tad ivlll be the sole pnxluct. After treatment witii tlio add 
tfte mBiolvad mafe nf indi^ is allowed to cool down and then str^ncd to 
TCmoTe any lumpen tlmt may have escaped grinding; silt is throv™ iu. 
vhidl praapHates thu iiiilij,'iUiiI]ili<iiiii- ar'vh, whi'.>li ;m- runn.ved hv fiStia- 
tion thlDO^ felt Fur tinri' t;rii<ii .. nl" ■■ iii.]in.-i .■\tniil" t!iv [>,-M-ii'.italf is 
ndinolvfla in mter ami n'prt-i'li'italcd wiili >:\h M'Vi'itil tiiiK-, .'iirli ]m~ 
dpitBtion renunring a greater qnantUy of the otgeotKHiaUe greeo oidaang- 
nuitter. Whatorer be the prooeM or nropartian of acid twBd. die iadigo 
muHt be very finely groond. Thia k done in iadigiMniU^ iraieii an « 
varioos fwms, known as " ball-millfl,'* in vhidi rotating flannmHiallii 
gradoallT grind die color, aa " cylinda^millB," in wliiah h eavy iion nO* 
aooomplish the aame work, and odier fbrsu. An illaBtntion <ii andi aa 
induo-mill with ooniml nula, taken from a fenn in omrait oa^ is diown 
in fig. 121. The direct nae fin- dydi^ of the ptodnct obtained by the 
action of snlphoric add open indigo is no kmger eommon. Hie pnpn- 
tioD and oale t^ die oolor mannfeotnrerB of pore prf ipara t inne, . fcnmni at 
Ifidigo Eebraety SotMe Indigo, or Indtgo-e aw w i w i , baa re|Jaaed tfaeon. Ha. 
eodiiUQ aalt of the mMioad[uioiiie add oon^tatEB ** iiidigo^ni|de^ or ** rri 
indigoKsmuDe," the eodimn salt of the diaol^Knie add tae tnn "in 



oanaine," which oomea into oommuoe in paste f<»in imdar tliat name eras 
a d^ powder known as " Indiffodn." 

This iodigo-diaulphtKiio acid flzee itedf on the animal fibre like otlwr 
add dye-oolors, and henoe " iodigo-oarmiDe^ has aa extended nae in wool- 
dyeing. The wool is generally mordanted with alom and then dyed in la 
acid l«itli contaiuiog sulphuric acid. 



nL Products. 

1, From Red Dyestcpps. — (a) JBreml-Kood EdracU are made by 
the difTiision process, three varieties coming into commerce, — a liquid ex- 
trsct of 20° B., a liquid one of 30° B., and a solid one. One kilo, of the 
dry e-ttraet corresjwnds on the average to twelve kilos, of the wood, firo- 
mlin is also mannlactiired on a lai^ scale almost pure by Geigy, of Basle. 
This brasilio often se[»rates in the form of a erystalline crust on the 
surface of the commercial extract liquors. These crusts contain the bra- 
silin mixed with the lime compound of the same. If this crude product 
*« boiled with very dilute alcohol with the addition of zinc dust and hydro- 
Joric acid and the solution stood aside to crystallize a verj' pure product 
obtained. 
Brasilia is relatively easily soluble in water, alcohol, and ether. In 
alkalies it is soluble with carmine-red color. Zinc dust will decolorize tl>e 
Bolution, but on exposure to the air it speedily takes up the red color a^fOB. 
Acetate of lead precipitates a colorless crystalline compound which gradu- 
ally tunis red. Bra^ilein beai-s the same relation to brasilin that bsmsteia 
bears to hiematoxylin, and can be prejarcd by the oxidation of the alkaline 
Botution of brasilin in the air. 

Brazil-wood extracts are used in wool- and cotton-dyeing. With 
na mordants they produce shades resembling the alizarin Takes, but 
-Varaoter. On wool mordanted with bichromate of potash tbey 
own. 
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The insolubility of the coloring matters in sandal-wood prevents their 
being used in the form of extracts. 

(6) Madder Preparations. — We have already referred to Guarancine 
and Flowers of Madder. Ghmranceux is the name applied to the impure pur- 
purin recovered from the sediment of the waste-liquors in madder-dyeing. 

Pincoffin {Alizarine commerdale) is a preparation from guarancine, in 
which the purpurin has been decomposed by superheated steam, leaving the 
alizarin unchanged. It has twenty-five per cent, less coloring power than 
the guarancine, but gives finer violets than can be obtained with the former. 

(c) Safflower Preparations. — ^These are practically more or less pure prep- 
arations of carthamin, and the names Safflower Extract, Safflower-caiTniiie, 
Safflxnoer^edj and Plate-red refer to different concentrations of the cartha- 
min solution. For the preparation of the pure safflower-red, the safflower- 
yellow must be removed by washing the crushed flowers with water until 
this runs off colorless. The residue is then treated with water and fifteen 
per cent, of its weight of crystallized soda salt. The solution is strained 
from the residue, filtered, and after acidulating with acetic or citric acid, 
cotton yam is immersed in it to take up the color. The dyed cotton is 
stripped of the color by a five per cent, soda solution, and from this solu- 
tion the color is again precipitated by citric acid. It is now drained, and 
comes into commerce as a paste known as " Safflower Extract." The color 
must be kept in sealed flasks, protected from the light. This paste dried 
upon plates at a gentle heat yields the so-called " plate- red." It then forms 
a red powder wdth greenish reflex, almost insoluble in water and ether, but 
easily soluble in alcohol. It is also soluble in alkalies with yellowish-red 
color. The " safflower-carmine," on the other hand, is prepared from the 
extract paste by washing the insoluble color and dissolving it in alcohol, 
which is then left to slowly evaporate. For dyeing purposes the safflower- 
carmine is dissolved by addition of soda, and the bath is then made slightly 
acid with citric acid ; or the soda-extraction liquors irom the flowers, which 
have been washed with water, may be used directly, acidiiying the bath as 
before. Safflower-red is fixed in a weak acid bath both upon the animal fibre 
and upon the unmordanted cotton. On silk it produces a fine rose-red color. 

(d) Orseille Preparations. — These come into commerce both as paste and 
liquor. The solid matter consists essentially of the impure orcein in com- 
bination with ammonia. It is liable to be adulterated with the spent weeds 
from the manufacture of the orseille liquor or with other vegetable coloring 
matters. It is also at times adulterated with aniline dyes, such as magenta, 
acid magenta, and methyl violet. Various azo dyes, producing colors 
ranging from crimson to claret-red, are now sold as substitutes for the 
orseille extract, and, being cheaper, are used to adulterate it. These are 
known as "orchil extrac*t," "orchil-rod," "orselline," etc. They may be 
detected when so admixed by their behavior with salt solution and basic 
acetate of lead. The liquid extract is usually brought to 25° B., and is 
frequently adulterated with logwood or Brazil-wood extract. Orseille Purple 
(French Purple) is a pure orseille dye, obtained by extraction of the lichens 
with a fifteen per cent, ammonia solution, precipitation with hydrochloric 
or sulphuric acid, and redissolving in ammonia. This solution is then left 
exposed to the air in shallow vessc^ls until it becomes dark purplish-violet. 
The color is then precipitated by addition of sul])huric acid, washed, and 
dried. Orseille Carmine is a similar preparation, in which the ammoniacal 
solution, after exposure to the air until it becomes cherry-red, is heated 
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latter forms large yellowish-brown blocks of a waxy lustre, which dissolve 
in water with yellow color. They are prepared from the wood by diffusion. 
The name moriii has been given to a commercial product obtained by boiling 
the rasped wood with a two per cent, soda solution and evaporating the 
solution so obtained to a specific gravity of 1.041, when on cooling the 
morin and moritannic acid separate out. 

(6) Quercitron Extracts, etc. — Both liquid and solid extracts are used 
commercially. The former of 20° and 30° B. respectively, and the latter 
as a dark-brown mass of waxy lustre. The extracts contain, as a rule, mix- 
tures of quercitrin and queroetin. Flavine has already been referred to. 
It is a preparation in which the quercitrin of the bark has been extracted 
and in large part changed by subsequent treatment with sulphuric acid into 
quercetin, which is superior in coloring power. The tannic acid of the bark 
extract has also been removed and the lime salts, so that it gives much purer 
colors than the original extract. Flavine is largely used in connection with 
cochineal or lac-dye for producing scarlet. A quercitron extract to which 
stannite of soda or sulphate of zinc has been added is said to be used under 
the name of " Fustic Substitute.'' It can be told from genuine extract of 
fustic by the test with ferric chloride, which produces a brown precipitate, 
turning olive-green with fustic, but a greenish-olack with quercitron extract. 

(c) Persian Berries, — A thick extract is prepared from Persian berries, 
soluble in water with yellow color shading into brown. The solution be- 
comes clearer on addition of hydrochloric or nitric acids and deposits a 
dirty yellow precipitate. Ammonia or caustic soda color it a reddish-yellow, 
stannous chloride gives at once, and stannic chloride after the addition of 
carbonate of soda, a golden-yellow precipitate, iron salts a dark olive-green 
to greenish-black color. 

3. Fbom Blue Dyestuffs. — (a) Commercial Indigo occurs in lumps 
or fragments of a deep-blue color, usually showing a bronze or purple-red 
streak when rubbed with any hard substance, or in the case of the better 
kinds with the friction of the thumb only. The fracture of indigo is dull 
and earthy, it sticks to the tongue, is odorless and tasteless. The specific 
gravity varies from 1.324 to 1.455. Helen Cooley * has given the follow- 
ing determinations of indigotin, ash, and specific gravity in a number of 
samples of commercial indigo : 



Description. 


Specific gravity. 


Ash. 


Indigotin. 


Kurpah blue 

Watson's best 

i Bengal red 

Oude 

Beneal blue 


1.129 
1.292 
1.391 
1.427 
1.431 
1.529 
1.559 


17.54 
6.50 
6.41 
7.02 
7.60 
21.20 
14.49 


55.11 
59.53 
54.03 
62.90 
67.00 
45.28 
47.04 


Kui^h red 

Guatemala 





Indigo preparations have been referred to under processes (see p. 455), 
and it was then noted that the salts of the indigo-sulphonic acids constituted 
tlie several so-called indigo extracts. Indigo-carmine is the potassium or 
sodium sulphindigotate (CieHg(SQ8K)2N202). It comes into commerce in 



♦ Amer. Journ. Anal. Chem., ii. p. 130. 
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The yield at present amounts to sixty per cent, of the theoretical, but this 
may be improved by further study of the conditions of the reaction, 

(6) From Logwood. — Logwood Extracts are prepared as liquids of 12®, 
42®, and 51® Tw. (for equivalents of the Beaum6 scale, see Appendix) and 
as a solid. This latter forms a dry black, lustrous and resin-like mass, 
which is quite brittle and easily powdered, tastes sweetish astringent, and 
yields a reddish-brown solution. The specific gravity ranges from 1.45 to 
1.51. The specific gravity is not a reliable indication of the strength of 
the fluid extract, as it is liable to be raised by the addition of salt, glucose, 
molasses, etc. The extracts are also sometimes adulterated with starch, 
dextrin, chestnut-bark extract, hemlock extract, etc. The following table 
by Briihl * gives the yields of extracts obtained by himself from diflerent 
woods and Sie percentage solubility of the resulting extracts in ether and 
alcohol. The portion dissolved by ether represents roughly the hflematoxv- 
lin percentage, while that dissolved by absolute alcohol represents the 
hsematein ana decomposition products of the hsematoxylin. 



DncBipnoN of Wood. 



Yucatan 

Yucatan, E. J 

Laffuna 

St. Domingo 

St. Domingo, O 

Monte Cbristo, 1B84 . . 
Monte Christo, 1887 . . 
Fort Libert^, 1886 . 
Fort Libert^, 1887 . . . 
Fort Libert^, 1885-86 . . 
Fort Libert^, J. B., 1887 

Jamaica 

Jamaica 

Jamaica wood roots . . . 



Yield of 
extract 



20.20 
17.34 
21.00 
14.02 
19.80 
18.76 
14.00 
20.38 
16.00 
17.45 
18.00 
18.70 
18.00 
10.70 



Soluble in 
ether. 


Soluble lu 
absolute 
alcohol. 


60.12 


87.46 


58.34 


88.51 


51.87 


47.95 


44.95 


53.47 


43.81 


50.32 


82.00 


60.32 


34.72 


64.10 


41.89 


54.11 


50.00 


47.92 


59.72 


35.17 


59.24 


34.81 


43.20 


50.50 


48.05 


60.71 


52.99 


8012 



Residue. 



2.42 
3.15 
068 
1.58 
6.87 
7.68 

11.18 
4.00 
2.08 
5.21 
5.95 
6.80 
6.24 

16.89 



Indigo Substitute {Noir imperial, or Kaiserschwarz), — Under these names 
are known oxidized logwood extracts, made by boiling logwood extract with 
copper, iron, or chromium salts with the aadition of oxalic acid. They 
may be in liquid form, or pastes, or dry powders. The preparations are 
almost insoluble in water, but completely soluble in acids with yellowish- 
brown color. A commercial preparation of this class, known as " direct 
black," for cotton forms a brownish, viscid liquid, composed of fifty per 
cent water, forty-five per cent, of a substance soluble in alcohol and ether 
(luematoxylin and hsematein), and 3.5 per cent, of copper sulphate. Hcem- 
cUein (Himatin) is a conmiercial preparation of French origin, which claims 
to consist of nearly pure dyestuff. It forms a granular, reddish-brown 
powder, completely soluble in water, and dyes the same shades as those ob- 
tained from the wood. Fifteen kilos, of hsematein are said to be equiva- 
lent to one hundred kilos, of the logwood. 

(c) LUmuSy as has been said, is a mixture of the lichen dye of that 
name with chalk or gypsum as inert material. It is made in different 
numbered grades, containing different amounts of the mineral matter. Lit- 



* Textile Colorist, x. p. 148. 
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diluted and acidified with acetic acid, will, if pure, when boiled with a 
freshly prepared solution of stannous chloride, become pale yellow or almost 
colorless, while logwood extract solution under similar circumstances will 
show a violet color and Brazil-wood solution a red color. If, therefore, the 
orseille is adulterated ^vith logwood extract a permanent grayish-blue color 
will show, if with Brazil-wood extract, a reddish color. 

Orseille is also found frequently to have been adulterated with aniline 
dyes, especially magenta, acia magenta, and methyl violet. For the detec- 
tion of magenta and methyl violet Knecht* employs cotton yam dyed with 
chrysamin (p. 419). This does not take up the coloring matter of the 
orseille, but is dyed red by magenta and brownish-red by methyl violet. 
To detect the acid magenta, Kertesz f treats the orseille preparation with 
benzaldehyde and ados to the solution tin salt and hydrochloric acid, 
shaking up the mixture thoroughly. If acid magenta was present a red 
color will remain, while with pure orseille the solution remains colorless. 
One part of acid magenta in one thousand parts of orseille it is said can be 
thus detected. For other tests for the artificial dye-colors when present as 
adulterants in orseille, see Allen, " Commercial Organic Analysis," 2d ed., 
iii. pp. 322 and 323. 

[o) Quercitron Extracts. — ^The dyeing value of the extract, as well as a 
possible adulteration of the same with dextrin, glue, etc., can be best de- 
termined by an actual dye test. For this purpose, wool is boiled with 1.5 
per cent, of tin salt and three per cent, of oxalic acid, then washed. One 
gramme of the wool is now dyed with twenty cubic centimetres of a solu- 
tion of ten grammes of the quercitron extract in one thousand cubic centi- 
metres of water. Similarly several portions of one gramme each of mor- 
danted wool are dyed with solutions of pure bark or pure extract of definite 
strength, and the results compared. 

(c) Annatto (Orlean). — ^Annatto possesses only a slight importance as a 
dyeing agent, but special importance as the basis of most butter colorings. 
(See p. 270.) It is therefore a commercial article of common use and liable 
to be adulterated. The common adulterants are starch, dextrin, chalk, 
silica, alumina compounds, and common salt, together with ochre, brick- 
dust Most of these increase notably the percentage of ash, which in a 
pure sample it is said should not exoeed ten to twelve per cent. Wynter 
Blyth gives the following two analyses as illustrating the nature of its 
adulteration : 



DnCRXFTION. 


Water. 


Resin. 


Extractive 
matter. 


Ash. 


Fur oommeicial sample . . 
Adulterated sample .... 


24 2 
134 


28.8 
11.0 


24 6 
27.8 


22.6 

48 8 \ Oxide of iron, alumina, 
' / silica, chalk, and salt. 



For dyeing purposes the only satisfactory test is an actual dyeing test in 
comparison with an authentic unadulterated sample. For the analysis of 
the many butter-coloring mixtures containing annatto as the basis the reader 
is referred to Allen, "Commercial Organic Analysis," 2d ed., iii. pp. 353-356, 
and Wynter Blyth, " Foods, Composition and Analysis," p. 306. 



* Joum. See. Dyers, etc., ii. p. 68. 



t Dingier, Polyt. Joum., 266, p. 281. 
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(if) tjogimod fi'/rarf.— B.>tli tlie liquid and the solid extracts are liahic 
to U- adiilteratoi, the former with ghiwjw;, molasses, dextrio, salt, ant 
other extracts of lesser value, the latter with starch and inferior extracts. 
Notably are the French and German It^wood extracts adulterated in tk 
way just referred to. The following analyses of some of the commerciil 
extracts as currently sold in France and Germany are given bv V. ft 
Soxhlet :• 


DBtCKIPTlON or KjTBACt. 


««l.u»«. 


Dezttin. 


Cbotnut extncL 


SA 


Guaranietd Pure, SC B. . . 
Priuiit, 30° B. ...... 

Sa-undB, 30" B 

Secunda. Solid 

Sanlbrd Brand, I 

Sanfonl Brand, II 

Ssnford Brand, III 


S pet cent. 
10 " ' 

20 .. u 
20 " " 
25 " " 
86 " ■' 
85 " '■ 


15 per cent. 
10 " " 

16 " ■' 


16 '-'"'^"'' 

10 " " 
16 " " 


lOpsceM. 



The Sanford Brand here referred to is a French extract made in imita- 
tion of the original American Sanford Extract. 

The extracts may be tested for purity either by the colorimetric asray 
or bv comparative dye testa. The colorimetric test is carried out, awwrdJng 
'to Henry Trimble,! as follows: A volume of solution corresponding to 
.001 gramme of the dry extract is treated with ten cubic centimetrw of 
water naturally or artificially containing traces of calcium carbonate aod i 
bolutiuu of ,0U2 gramme of erystallizeil copper sulphate. The mixuine i* 
brought quickly to the boiling-point and diluted with distilled water to coe 
hundred cubic centimetres. The color of this solution is then compared 
with one of pure hsematoxylin similarly treated, or with a standard sample 
of lM;wood extract. 

The method of canying out the dye test for l(^wood with bichratnate 
of potassium mordant has already been given in speaking of dye-woods. 
The same test is, of course, equally applicable to the extracts. Cotton 
strips are sometimes used for these dye testa instead of wool. The cotton 
strips must be boiled in dilute soda solution and well washed. They may 
then be mordanted with nitrate of iron solution instead of the chromium salt, 
following the nitrate of iron with a rinsing in carbonate of soda solution and 
thorough washing. They are then put in the dye-hath cold, and this 

fradually heated to boiling. In this dye-testing with iron solution, the 
Eematoxylin of the solution is oxidized by the ferric oxide to hsmatein, so 
that the full coloring \-alue of the ]og\vood is obtained in the test. 

For tlie discovery of adulterations like chestnut extract, wbitji con- 
tain almost nothing soluble in ether, Houzcau proceeds as follows: One 
gramme of the extract to be investigated is dried at 110° C, exhausted 
with ether, and the weight of the dissolved material determined. The un- 
dissolved material is then exhausted with absolute alcohol, and the wei^t 
of the jwrtion dissolved by this also determined. The comparison of the 
figures so obtained with those yielded when a pure extract is treated with 
the same solvents will show clearly the presence or absence of adulterating 
extract. Dye tests may also be carried out with the material which has 



* Farber-Zeitung, Aug. 1, 1890, p. 368. 
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been extracted by ether and alcohol respectively in the two cases^ and the 
diflFerence more fully established. 

(e) Catechu Extract. — Catechu is frequently adulterated, not only with 
mineral matter like sand and clay, but with starch, dextrin, sugar, blood, 
etc The mineral matters will, of course, remain in the ash. This in 
normal catechu should not exceed five per cent. The starch may be de- 
tected by extracting the sample with alcohol, boiling the insoluble residue 
with water, and testing the cooled liquid with iodine, which will show by 
the blue color any starch present. An addition of alcohol to the aqueous 
solution will show by the production of a turbiditj' any notable quantity of 
dextrin. Blood may be detected by treating the sample with alcohol, and 
drying and heating the residue in a tube, when ammonia and offensive de- 
composition products will be given off, or the coagulation of the blood 
albumen when the aqueous solution is boiled. 

The value of catechu for dyeing purposes can only be determined by a 
dye test For this purpose strips of cotton-stuff are immersed for half an 
hour in a catechu solution (for each gramme of the cotton fifty cubic centi- 
metres of a catechu solution containmg five grammes to the litre of water 
are taken and diluted with water if necessarj'J. The strips are pressed out, 
and then the color developed by oxidizing in a hot solution of one to two 
grammes of potassium bichromate to the litre of water, 

3. For Cochineal. — The adulteration of cochineal may be effected in 
various ways. A very common adulteration is to admix with the fresh 
cochineal insects others from which the coloring power has already been in 
large part extracted. To give the exhausted cochineal insects the appear- 
ance of fresh ones, they are shaken up with talc, barytes, and white lead, 
and thus given a coating resembling the silvery insects. Either a wash- 
ing or an ash determination will serve to detect this adulteration. The 
valuation of the cochineal as to coloring power may be made by several 
methods. The one best known is that of Penny,* in which one gramme of 
the cochineal is treated with fifty grammes of dilute potassium hydrate, 
twenty-five grammes of water added, and to this is then added drop by 
drop a solution of ferricyanide of potassium containing five grammes to 
the litre. The solution loses its purplish-red color and becomes brownish- 
yellow. The action of the ferricyanide of potassium solution is tested in 
comparison on the solution of one gramme of a cochineal of known purity. 
Liebermann f extracts the cochineal with boiling water, and determines the 
coloring matter by the addition of a slightly acid solution of lead acetate. 
After filtering and washing the lead precipitate, a lead determination is 
made in an aliquot portion, and from this the percentage of coloring matter 
calculated. Allen does not consider either of these methods to be perfectly 
satis&ctory. An actual dye test is therefore in the end to be regarded as 
the most reliable method of valuation. For this purpose strips of woollen 
stuff of about five grammes in weight are put into the bath until the color 
is all taken up. A portion of the strips may then be dyed scarlet-red by 
immersing them in a tin solution (for one gramme of cochineal two grammes 
of cream of tartar, two grammes of tin salt, and as much water as is needed 
to thoroughly immerse the strips), and the other portion of the strips may 
be dyed a cherry-red by the use of an alum solution (for one gramme of 
cochineal, three-fourths gramme of cream of tartar and one and a half 

♦ Joum. f&r Prakt. Chem., 71, p. 119. f Berichte der Chem. Gcs., xviii. p. 1970. 
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I of alom). These strips are then to be pompai-wl with others oV 
mea xroni raDJlar treatment of a normal or pure codiiui.'al sample. 

4. Tom Ikdigo and its Pkepahatioss,— Indigo niay be of very 
IS Tsloe as it comes into commerce, partly because of the diHereD«s 
Ito eodi a product and dej^ndenl ujiita the difierenw-s in cidtivation 
ta ine planL au^ in extracting and drving the indigo, and the fact thai the 
IMtimU^oanat is at beat a mixture, and [tartly from inteutinnal aduitcra- 
tioD. lliiHfltarcl] colored with iodine, Pmseian blue, ^nialt, and lugwoixl- 
powder an wd to be used as adiiltemnts of commercial indig<^>. In ordrr 
to detect dw atbrdi, the suspected funijde is rubbed up in a murtar wiUi 
ohltniite-mteT until it is completely decolorized, when a drop of pota^ium 
iodide is added. If starch be present the blue color of iodide of stan-Ii 
viD be BOea. Tu detect the smalt or Prussian blue, the sample is oxtdizaj 
iridi nitric amcL when if a blue residue is Kho\t-n in the yelluwi^ solutian 
■doltaatka IB indicated. If the adulterant were Prussian blue, the <xia 
fildes too after a time, if smalt, it is permanent. Tu detect logwood-powder, 
mix the WMiiple with oxalic acid, place it upon filter-paper, and moisten it;> 
in the praowe of logwood the paper will be coloi-ed red, if the sample wen 
pore it is nnciuuiged. 

In the aaaaj of commercial indigo the moidurc is generally to be deter* 
mined, l^iis Uiuuld not exceed some seven per cent, in a genuine £anid& 
The oA similaily is an important criterion of the quality of the indigo 
■unple. In di6 purest kinds it is sometimes as low as two per cent, rat 
friun five to eiglit per cent, is more usual. Some of the inferior grades of 
indigo, sndi as Knqtatiand Madras, may contain from twenty -five to tharty- 
five per cent, of !l^il. 

The methods tor the determination of the percentage of indigo-blue are, 
of couise, the most important things to be considered in connection w'itli 
indigo aa a dycini: material. They are vers' numerous. M't may siun- 
marize the mor^j iuipuilaut of th«m under three heads, — viz., uJiidaUuD 
methods, reduction methods, and sublimation of the pore indigo-blue from 
the commercial product. 

The oxidation of the indigo-blue takes place in acid eolntion, the indigo 
being previously dissolved in strong sulphuric acid. Potaesnm pemuft- 
ganate, bichromate, and ferricyanide have all been recommended and weA 
m this connection. All the processes are open to the objection that tbe 
oxidizing agents act on the indigo-gluten and ferrous salts as well as on the 
indigo-blue and indigo-red, but the errors due to this cause may be practi- 
cally avoided, as pointed out by Eawson, by previously precipitating the 
Bulpliindigotic acid in the form of the sodium salt by adding common alt to 
the solution. The method with permanganate of potassiuin, modified in 
this manner by the use of common salt, is as follows :* One gramme of tbe 
sample of indigo in the form of an impalpable powder is mixed in a antEll 
mortar with its own weight of ground glass. This mixture is gradnally 
added with constant stirring to twenty cubic centimetres of wmcentrattdsul- 
phurie acid (sj>ecific gravity 1.845), which is then heated to about 85° C 
for an honr. The product is then cooled, diluted with water to one litre, 
and filtered from indigo-brown and other soluble matter. Fifty cubic 
centimetres of the filtered solution are now taken diluted with fifty cnbic 
centimetres of water, and thirty-two grammes of common salt added, which 

* Allen, Commercial Organic Ajialjsu, 2d ed., iii. p. 808. 
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quantity is almost sufficient to saturate the liquid. After standing for two 
nours^ the solution is filtered, and the precipitate washed with about fifty 
cubic centimetres of brine of 1.2 specific gravity. This sodium sulphindi- 
gotate is dissolved in hot water, the solution cooled, mixed with one cubic 
centimetre of sulphuric acid, and diluted to three hundred cubic centimetres. 
This solution is then titrated in a porcelain dish with a solution of potas- 
sium permanganate containing .5 gramme of the solid salt per litre, the 
exact oxidizing power of which has been ascertained by experiment with 
a solution of pure indigotin. The oxidation is regarded as complete when 
the liquid which at first takes a greenish tinge changes to a light yellow 
with a faint pink color on the margin. 

The reduction of indigo-blue may take place in alkaline solution or 
with a solution of the sulphindigotic acid or its salts. Ferrous hydroxide 
and hyposulphites are among the reducing agents used to effect the reduction 
in alkaline solutions. C. Rawson considers the hyposulphite reduction 
method the better one of the two. In carrying it out, one gramme of the 
finely-powdered sample is made into a paste with water and placed in a 
flask with about six hundred cubic centimetres of lime-water. The flask is 
dosed by a cork having four perforations, two of which serve for the pas- 
sage of coal-gas, a third carries a siphon, while ,to the fourth is fitted a tap- 
funnel. The contents of the flask are heated to 80° C. and one hundred to 
one hundred and fifty cubic centimetres of a strong solution of sodium 
hyposulphite (NaHSO,) introduced through the tap-funnel. In a few 
minutes the liquid assumes a yellow tint, and is maintained at a tem- 
perature near the boiling-point for half an hour. After allowing the in- 
soluble matters to subside, an aliquot portion of the solution should be 
removed, and a current of air drawn through it for about twenty minutes, 
when it is acidulated with hydrochloric acid. The precipitate, which con- 
sists of indigotin and indigo-red, is collected on a weigned filter, washed 
with hot water, dried at 100° C, and weighed. It is then exhausted with 
boiling alcohol, whereby the indigo-red is dissolved out and the difference 
again weighed as indigo-blue. Rau reduces the indigo in alkaline solution 
with glucose, and L. M. Norton uses milk of lime and zinc-dust as reducing 
agent, and then takes an aliquot portion of the reduced solution to reduce 
a solution of iron-alum. The ferrous salt formed corresponds to the re- 
duced indigo in the volume taken, and is determined by titration with a 
standard solution of potassium bichromate. (For details, see Helen Cooley's 
article, Amer. Journ. Anal. Chem., ii. p. 133.) 

For the reduction of the indigo in acid solution, Bemthsen and Drew * 
recommend the use of hyposulphite of scxla (XaHSOj), and claim that 
the reaction is a quantitative one : Ci6H8N202(S03H)2 + NaHSOj + HjO = 
Ci^HioNAlSO^H), + NaHSOj. 

C. Rawson t considers that of all the volumetric methods which have 
been devised for estimating indigotin the hy|K)Sulphite process is capable of 
giving the most rapid and accurate results, but that considerable care and 
delicacy are required in its manipulation. 

L#ee X has proposed the sublimation of the indigo-blue as a method for 
determining its percentage in conmiercial indigo. Other writers, however, 
do not agree that, unless tlie indigo has previously been somewhat purified, 
the results can be depende<l upon. 



♦ Chem. News, xliii. p. 80. 
X Chem. News, 1. p. 49. 
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C. Rawson * has given the following results with commercial samples, 
ig the several processes just detailed : 



MSTHOD USED. 



iter 

tl 

ligotin, by sublimation .... 
ligotiiii volumetric, by hypo- 

ulphite 

licotin, gravimetric, by ferrous 

ulphate and NaOH 

ligotin, gravimetric, by hypo- 

ulphite and lime 

lirubin, separated by alcohol . 
ligotin ana indirubin, titration 

irith KMnO^ direct 

ligotin and indirubin titration 
fler precipitation with salt . . 



Java. 


Bengal. 


2.99 

1.99 

60.84 


6.22 

8.91 

67.60 


68.78 


69.26 


68.24 


68.84 


68.97 \ 
4.23 f 


69.12 \ 
3.60/ 


76.18 


66.71 


78.66 


68.60 



Bengal. 



6.17 

4.86 

49.36 



Oude. 



7.60 

8.21 

41.60 



Kurpah. 



8.06 
26.72 
41.92 



66.66 43.18 42.62 



64.84 44.60 
66.20 ) 43.42 



2.80/ 
62.66 
67.60 



8 66/ 
60.04 
44.90 



41.60 

42.68 \ 
2.46/ 

47.16 

48.10 



Madras. 



6.71 
83.62 
39.66 

36.80 

84.60 

36.21 \ 
3.98/ 

39.60 

87.40 



The table from Dammer's Chem. Technologic, Band iv. p. 591 (see 
osite page), shows the characteristic reactions of the important natural 
stuflFs. 
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. — Die Gerb- und FarbstofF Extracte, S. Mierzinski, Vienna. 
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. — Les Matieres colorantes, etc., C. J. Tassart, Paris. 
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On Indigo Manufacture, J. B. Lee, London. 
. — Grundriss der AUgemcinen Warenkunde, Erdman-Konig, 12te Auf., von Hanau- 
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. — Die Chemie der Natiirlichen Farbstoffe, H. Rupe, Braunschweig. 

STATISTICS. 

1. Indigo Production and Exports. — The annual production of 
iral indigo in 1890 was estimated to be as follows : 

Bengal 4,000,000 kilos., valued at 110,000,000 

Madras 1,100,000 " " " 2,000,000 

Manila, Java, Bombay 1,000,000 " " " 2,600,000 

Central America 1,125,000 »' " " 8,000,000 

China and other countries 1,000,000 »' " " 2,600,000 

"8^25,000 $20,000,000 

♦ Allen, Commercial Organic Analysis, 2d ed., iii. p. 811. 
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nt years the cultivation of indigo has diminUbcd. 
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According to Dr. George Watt's rejwrt to the Indian govemmait. there 

"•■^^ in India 2762 indigo factories and 6032 vats, giving employmmt to 

S,67.5 persona during the working season, a eulciiliitinn that does not lo- 

Wide the a^icultnral lal>or necessary to produt¥ the plant. (Joura. Sot 

CSicm. Ind., 1894, p. 994.) 

The ezportatiuiiB of indigo from India in recent years liave beeni) 

lf«!-S9. 

Germanv, Aiutri*. and Holluid . . 9,900 

England 6,300 

France. Snitwrbnd, tiu] Italv . . . 6,000 

Slusia 2,800 

Amencm 7,S00 

AnUa and Hm Laraat TOO 

Tbtel a8,000 




89,074 11,171 



2. ElPOKTATioxs OF Dyb-woods. — Thc Gxportations of several of 
the more iniiwrtaiit dye-woods from tropical American countries for the 
period given have been as follows : 

1. Logwood ErporU: 



1882-88 
1S83-S4 
1884-eS 
18B&-86 
I886-S7 
18BT-88 



Aafio£^por<« 



188e~«T 
1687-88 
ie88-«B 



FKimHattL 


rremJaniain. 


Pounds. 


Vmlne. 


ttomuk. 


ValBC 


162,288.718 


«1 ,098,789 


66,686,684 


9484,63! 


154,776,887 


2,081,484 


100,688,408 


665,021 


14i,98«,SU 


1,876,696 


126.706,200 


748,774 


114.841,486 


1,600,781 


148,366,128 


es7,iss 


106,000,065 


1,878.125 


182,000,47a 


s8s.om 


10B.I«S,734 


1,898,899 


226,108,912 


1,718,627 


5T,0ai,481 


748,406 


268,616,960 


1.8£6.0>£ 


70,801,241 


929,266 


183,282.400 


961.484 


66.743,891 


744,764 


244.794.692 


I.86I.SH 


89,766,820 


621,988 


194,1.52,784 


1.476.830 






307.472,882 


1,68X.MT 


Frhd 


Hnlcn. 


PromJualca. 




Valoe. 


Pound*. 


i-uoe. 


80,746,240 


»280.988 


7,477,793 


$48,738 


82,995,200 


248,6Se 


4,024,272 


21.857 


17,471.809 


128.019 


2.078,160 


13.093 


17,420,099 


110.878 


8,626,768 


21.071 


24.942,407 


178,621 


9,366,000 


61.«MJ 


26,688.858 


177,488 


5.518,016 


So.961 


18,224,080 


133,952 


2,777,216 


10.423 


88,762,671 


198.646 


1,457,200 


&6aa 


1«.I»T,020 


119.681 


2,128,112 


ia.714 


18.187,868 


96.668 


1,617,168 


».(«8 






14,472,076 


lOllM 





To 


To 


To 


To 


All other 




United Sutee. 


England. 
Kilos. 


Germany. 


France. 


countries. 




Kiloe. 


Kilos. 


Kilos. 


Kilos. 


1884. 


. 584,818 


143,480 


15,000 


336,189 


56,350 


1885. 


. 232,912 


292,212 


49,568 


703,497 


• • ■ 


1886. 


, 684,002 


193,189 


134,857 


904,348 


18,569 


1887. 


. 783,616 


152,458 


46,640 


1,374,543 


• • • 


1888. 


. 388,631 


84,341 


18,584 


869,725 


• • • 


1889. 


. 149,063 


82,156 


753,457 


• 


• • • 


1890. 


. 58,121 


166,198 


78,959 


127,016 


• • • 


1891 . 


. 251,878 


• • • 


« • • 


670,857 


21,821 


1892. 


. 635,030 


64,676 


25,782 


1,098,650 


• ■ ■ 


1893 . 


. 616,158 


517,937 


147,177 


548,734 


8,970 
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3. Exports of Brazil-wood from Bahia during Ten Years Past: 

Total 
Kilos. 

1,185,387 

1,278,189 

1,934,965 

2,857,252 

861,280 

984,676 

430,295 

944,051 

1,819,138 

1,837,976 

3. Importations of Dye-woods, Dye-wood Extracts, etc. — The 
ited States importations of dye-woods and natural dyes for recent years 
e been : 

1896. 1897. 1898. 1899. 

Cochineal, lbs 161,330 142,261 158,055 97,563 

Valued at f50,988 $41,943 $45,762 $28,207 

Logwood, tons 65,756 83,362 46,596 37,375 

Valued at $1,516,855 $611,010 $741,455 $546,274 

G^bier^*^^^"^' }^^- * -82,338,264 31,349,545 42,384,590 88,123,478 

Valued at $1,158,611 $959,501 $1,021,841 $754,497 

Indigo, lbs 8,340,001 3,522,016 8,097,340 3,127,357 

Valued at $1,673,170 $1,696,641 $1,815,411 $1,698,588 

Logwood and other extracts, 

lbs 4,839,111 5,562,264 4,084,672 3,183,864 

Valued at $282,689 $284,868 $256,176 $219,192 

Sumach (ground), lbs. . . 18,482,041 18,688,635 8,301,285 12,975,970 

Valued at $232,570 $248,048 $120,205 $188,136 

The English importations of dye-woods and natural dye-colors for the 
t four years have been : 

1896. 1897. 1898. 1899. 

Cochineal, cwt 5,697 4,729 4,961 8,828 

Valued at £86,658 £29,103 £29,407 £20,584 

Cutch and gambler, tons . 26,844 25,048 19,504 21,526 

Valued at £548,756 £418,128 £804,998 £847,025 

Indigo, cwt 89,941 82,526 58,838 58,977 

Valued at £1,583,722 £1,470,574 £890,803 £986,090 

The Grerman importations of dye-woods, etc., for the last four years 
re been : 

1896. 1897. 1898. 1899. 

Met cent Met cent Met cent Met cent 

Madder 920 1,074 1,172 623 

Quercitron 7,275 12,242 11,218 8,489 

Logwood 444,737 367,795 283,389 287,847 

Fustic 81,933 28,302 45,187 84,309 

Brazil-wood, etc 84,186 23,570 18,279 13,016 

Cochineal 682 761 884 906 

Catechu and gambler 90,115 57,912 64,872 72,371 

Indigo 19,733 14,084 10,362 11,078 

Orseille and perseo 1,133 1,716 1,678 840 

Sumach 70,448 66,875 62,915 57,739 

Dye-wood extracts 49,458 44,009 41,601 85,366 
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CHAPTER XIV. 

BIJBACHIH0, DTBDI0| AVD TKUILB PttUITiliOk 

Preliiiinaby.«— Prior to the <^eratioii of Mgidiinfc exoept in cisei 
where delicftte shades aie leqmred. it tt alwa^ 

tbefibreor &brio of grease and <urt Foreotfoi^irfiimisffenerwjha^ 
as hanksy wErpl^ and pieces^ it is snffiiJent to bod it in a dilute aofaitioo of 
oanstio soda or soda asi^ lUlowed by a good rinsiiur ; it may, in some is* 
stanoesy be boiled in phun wator, wmng oal^ and Beached or djed; cidh 
narily, however, a boiHng &r two to tmee honm in a badi of eq^ to tea 
percent of ciystalliaed soda and one to two ptf cent of sosr famnkfcd Id 
the we^t of the cotton, yieMs good lesatt The time m boilioff est 
cotton is modi reduced tf it is immersed in a weak Inkewann bam of 
two per coit, solphated oil 8tn»^y neutndiaed with ammonia or in a BOKf^ 
batik containing ammonia. Tins is foond to oomnletely remove all iiataial 
oil on the fibres and tiioroi^^y wrt them. WootiB ^ww^ thonwg^ 
soonred bodi before and afto It is mannfiKstnred into yanoL TheaoHssoia* 
tion g^ierally employed contains firom fimr to five ounces to Ihe gaDoa of 
water, accompanied usually with a carbonated alkali (potash or ammonia) 
in about the following proportion : ten per cent of soda and two per cent of 
soap. The temperature of the bath being about 40° to 50° C. ^ee p. 307.) 
For silk (see p. 312) the scouring-bath contains about twenty-five to thirty 
pounds of Castile, Marseilles, or other neutral soap for each hundred pounds 
of silk, and a temperature at or near the boiling-point is taken for about two 
hours, turning the silk occasionally. For some colors a second scouring can 
be employed to advantage, only one-half the quantity of soap being used as 
in the first batli. It is the practice to use the baths several times, care 
being taken to enrich them with fresh soap. 

A. Bleaching. — This highly-important operation results in a more or 
less complete destruction of the natural coloring matter which is found in 
all fibres of industrial importance. Owing to the somewhat powerful 
action of most of the agents employed for the purpose, it will appear 
that, unless care and discretion are applied to their use on the part of the 
bleacher, sometliing more than a destruction of the coloring matter will 
occur, — a probable partial destruction of the fibre. The operation has 
been known since the earliest times; the white linens of the Egyptians 
ind Phoenicians were much esteemed by the nations trading with them. 
In the early jmrt of the eighteenth century immense fields were given 
up wholly to bleaching in me United Kingdom; the process as carried 
out required several months, consisting of a successive treatment of the 
cloth or fabric in alkaline solution — termed " bucking" — and washing, then 
exposing, while damp, and spread out on the grass to the sunlight for a 
'Hr weeks {crofting\ immersing in sour milk, washing again, ami finally 
W on the grass, these several operations being repeated until the 
■free of whiteness is obtained. Great improvements in the abo\'e 
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tedious process resulted when the 
use of sulphuric add was substi- 
tuted for tne sour milk, and chlo- 
rine gas replaced the leugthv field 
exposure, this latter being ^ue to 
M. Berthollot ; but the general use 
of this substance was not estab- 
lished until the manufacture of the 
now familiar " chloride of lime" or 
" bleach," Since then many other 
bleaching agents, notably, hydro- 
gen peroside, have appeared, but 
whether they will ever displace the 
above is an uncertaint)-. 

I. Cbtton in therairoruninanu- 
factured state is rarely, if ever, 
bleached ; as yam, however, it i& 
continually. The hanks, which 
have been previously scoured, are 
boiled in a solution of chloride of 
lime {chfmick) from one to two 
hours, washed well in water, and 
passed through dilute sulphuric 
acid (1° Tw,) for about half an 
hour, and finally well washed. 
These operations can be easily con- 
ducted in the ordinary wooden tubs 
of the dye-house in places where 
much yam does not have to be 
bleached, otherwise special arrange- 
ments should be provided. Cbtton 
vrarpa are similarly treated, the ap- 
paratus employed being a contin- 
uous (warp) dyeing-machine. Cbt- 
ton fabrics require much care and 
skill, especially those intended for 
domestic use in the bleached condi- 
tion, and also those which are to be 
afterwardsdyed or printed with deli- 
cate shades. The method of bleach- 
ing, which has reached a high state 
of perfection, is the so-called " mad- 
der-bleach," from the fact that it is 
employed on all piece goods to be 
printed with alizarin. The process 
detailed and illustrated below must 
not be accepted as the exact method 
followed in every establishment, — 
it being remembered that uearly 
every bleacher has his own modifi- 
catious which he introduces, but all 
yield the same result. The opem- 
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tion of stamping nr sewing on designating marks ; sewing the pieces together 
and gingeiog, — a removal of the nap or down from the cloth nv means of a 
gas flame or ciir\'ed hot plate (" singeing-plate"), — need not be detailed here ; 
refercnee may be had to special works on textile inannt'actiii'c. 

Fig. 122 is a plan of part of a bleacli-honse for cotton cloth. The 
goods being received, they are pu.sse<l through the first wasliiiig-maoiiine, on 
the left of the figure ; this operation has for its object the removal of loo* 
dirt, grease, — added to the fabric during weaving, — and other matters; 
usually the goods are stacked overnight in order to allow an incipient fer- 
mentation to take place, when they are passed several times through the 
Hme-ieanh (milk of lime) in order to become thoroughly impregnated with 
about five per cent, of lime, this being accomplished by means of rollers 
immersed in and below the surface of the lime-bath and a pair of squeeiing 
or "nipping rollers." 

Following the liming operation is tlie boiling (" bowking") in kiere ; 
these are strung, wrought-irun cylindrical vessels, provided with a series of 
pipes, and in some cases with injectors, which enable the liquids contained in 
them to circulate completely through the cloth, which is previously intro- 
duced in the form ol a rope. iTg. 123 is a vertical section of a Mngif 





injeetor-kier, and one well adapte<I for working at low pressures, Referen'* 
being had to the figure, the vessel being filled with the fabric, which is iccU 
laid in, the liquid is admitted, gradually finding its way to the &lse bottuiii» 
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through which it passes to the injector at a, where it meets a steam current, 
which forces it upward through the large pipe, finally being admitted to the 
kier again through the valve 6, repeatedly following the circuit. 

Barlow^s high-pressure kiers are usually worked in pairs, and the liquid 
is forced from one to the other by the aid of steam. This kier has a central 
perforated tube, through which the liquid passes to come in contact with 
the cloth. Several other forms of kiers are in use, even open kettles acting 
as such, the object being the same in each case. 

The length of time the cloth remains in the kier varies considerably, in 
some establishments, where a high-pressure is used (forty .to fifty pounds 
per square inch), less time is required, — ^five to six hours being deemed suf- 
ficient ; again, where a low-pressure is used (eight to twelve pounds) the 
eoods are allowed to remain in from ten to twelve hours. From this boil- 
ing the pieces are washed in water, and passed through dilute hydrochloric 
acid (specific gravity 1.01 =2° Tw.), — ^the bath being technically termed a * 
" sour. The pieces are slowly worked until the lime is completely dis- 
solved, when the goods are thoroughly washed, or until every trace of acid 
is removed, when a boiling with soap and soda follows in kiers exactly as 
in the boiling previously mentioned. For each hundred pounds of cloth a 
resin soap is used, made with five to six pounds of soda ash and one to two 
pounds of resin ; the soda is dissolved m two gallons of water, the resin 
added, and the whole boiled for several hours ; for each pound of cloth to 
be acted upon one gallon of water is used. The time required for this boil 
is nearly the same as in the previous boiling. When the resin soap solu- 
tion is run off, the goods are boiled for three or four hours with a one per 
cent, solution of soda, to remove the soap and any unconverted resin re- 
maining, followed immediately by a wasn. At this stage of the process 
occurs the real whitening, or bleaching, of the goods, — ^the so-called " chern^ 
icking/^ — requiring much care, and is performed with a solution made by 
dissolving chloride of lime, allowing to settle and become clear, the super- 
natant liquor alone being used. The strength of the solution, varying from 
i° Tw. to 2° Tw. (specific gravity 1.001 to 1.01), being used cold, or but 
slightly warmed, in the latter case penetrating the cloth better. Repeated 
passage of the goods through a weak solution is preferable to a shorter time 
in a strong solution, the danger from injury to the pieces being less. The 
next operation may be (not always) a wash, and then a souring in dilute 
(specific gravity 1.01) sulphuric acid, — termed a white sour, — after which 
the goods are allowea to remain for some time in a heap, but not long 
enough to become dry, as a tendering of the cloth will result ; this is fol- 
lowed with a final wash to remove every trace of acid, passed through 
squeezing rollers, and over revolving cans heated by steam, to dry. Tne 
length of time required in the above process varies ; if the goods are to 
receive a fine clear bleach, or are to receive delicate shades in dyeing and 

Erinting, four or five days may be necessary, but in the event of the goods 
eing intended for full shades, half that time will answer. 

Mather- Thompson^ s Process, — This is one of the newer processes, and is 
admirably suited for warps and piece-goods. The goods are sewed together, 
or tied, in the case of warps, subjected to the action of hot caustic alkali, 
washed, and transferred to wagons, the sides of which are of iron lattice- 
work (cages), and pushed into a horizontal kier, and for five hours acted 
upon by a solution of caustic soda (2° to 4° Tw.= specific gravity 1.01 to 
1.02) delivered in a spray and at a pressure of four to five pounds. With- 
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4. Boil again in a kier with two per cent, caustic soda. 

6. Repeat the passage through chloride of lime and wash. 

6. Final treatment widi sulphuric acid as in No. 3. 

The above will produce a half-bleach^ and by repeating the three final 
operations a/wft white will be obtained. Reeling is a term particularly appli- 
cable to linen-bleaching, owing to the way the yam is handled, the result 
being that the carbonic acid in the air acts u}K)n and decomposes the chloride 
of lime, setting free hyjxxjhlorous acid, similarly to the use of the gas in 
the Mather-Thompson process. Linen clothy notwithstanding many trials, 
still requires much longer time to successfully bleach than yam. It is quite 
possible to bleach the cloth in a comparatively short time, but the strength 
of the fibre would be weakened. The following outline of tlie general pro- 
cess indicates the successive stages : 

1. Liming. Boil with eight to ten per cent for fourteen hours and 
wash. 

2. Allow to remain in dilute hydrochloric acid (specific gravity 1.012) 
for four to six hours and wash. 

3. Boil with resin soap (two pounds caustic soda and two pounds resin) 
for ten hours, followed immediately by a boiling for six to eight hours with 
one pound caustic soda. 

4. " Grass." Expose on the fields for a week or more. 

5. " Chemick." Pass through chloride of lime solution of J° Tw. for 
about five hours and wash. 

6. "Sour.'' Steep in dilute sulphuric acid 1° Tw. for two to three 
hours and wash. 

7. Boil for four to five hours with .5 to .75 per cent, of caustic soda, 
wash, and 

8. Expose again for four to five days in the fields. 

9. Second chemick. Same as No. 5, only J° Tw. for five hours. 

10. If necessary, rub with a soft soap between " rubbing-boards" * to 
remove brown spots. 

11. Expose again on the grass as before. 

The frequent exposure of the goods on the grass to the combined action 
of moisture, air, ana light necessarily dispenses with a certain amount of 
the chloride of lime, besides allowing of a less energetic action. 

3. Jute. — ^A good white on this fibre is difficult to obtain. Prior to 
bleaching, jute is scoured with a five per cent, solution of sodium silicate 
(wlubk glass) at 70° C, washed, and bleached with a solution of sodium 
nypochlorite containing about one per cent, of available chlorine, made by 
decomposing bleaching-powder with carbonate of scxla, settling, and using 
the clear liouid. The goods are thoroughly washed, and treated in a dilute 
bath of hyarochloric acid (^° to 1° Tw.) and washed, or they can be further 
acted on by sulphurous acid by immersing In a bath of sodium bisulphite 
for two to three hours, and dr}\ Jute can also l>e bleached by l)eing 
worked in a solution containing one jier cent, permanganate potash (calcu- 
lated to the weight of its material) and exposing to the air until it l>ocomes 
brown, when it is immersed in a solution of sulphurous acid and washc<l. 

4. Wool. — ^For yarns, etc., the best known method of bleaching is "«/or- 
tn^," — ^that is, an exposure of the damp goods to the vapors of burning sul- 



* " Rubbing-boarda'* are two fluted pieces horizontally placed, the upper of which is 
moved in an opposite direction to the course of the cloth. 
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^nciful names are met with in the trade varying in strength from five to 
ight per cent. " Chlor-ozone" is a product considerably used, and is essen- 
ially a solution of sodium hypochlorite. 

PemianganaU of Potash (KjMn^Og), although not strictly a bleaching 
gent, is mentioned on account of its very high oxidizing properties. 

Hydrogen Peroxide (HjOj) is a colorless, odorless liquid obtained by the 
ction of hydrofluoric acid upon barium peroxide in a lead-lined tank, 
^'he operation is conducted at as low a temperature as possible, and with 
ontinuous stirring; in about twelve hours the reaction is over, and the 
upematant liquid drawn off and preserved. The residue, barium fluoride, 
5 decomposed with sulphuric acid, and the hydrofluoric acid recovered. It 
J customary to refer to the strength of hydrogen peroxide as being of so 
lany volume capacity, six, ten, etc. ; this means that one volume of the 
•eroxide will yield six, ten, etc., volumes of oxygen gas. 

Sodium Peroxide^ or Sodium Dioxide (Na^O^), is coming into use quite 
Eirgely as a substitute for hydrogen dioxide, as it is in many respects more 
onvenient to use and can be kept, when pro{)erly sealed from the air, for a 
3ng time. It is a yellowish-white powder, and can be used in alkaline or 
cid solution. 

Soda Ash (NajCO,). — This is the commercial anhydrous carbonate of 
oda, used principally in scouring. It is generally contaminated with vary- 
[ig percentages of caustic soda, sodium chloride, sulphate, etc. Its value 
epends on the amount of NajO contained. 

Soda Crystals (SafiOylOH^O) is a much purer and more expensive 
arbonate; it contains no caustic soda, which renders it well suited to 
couring. 

Caustic Soda (NaOH). — It comes in trade in iron drums — solidly filled 
—or in a coarse powder. It is obtained by treating carbonate of soda with 
ailk of lime, whereby the carbonate is decomposed with formation of 
alcium carbonate, when the clear liquid is drawn off and evaporated down 
9 the solidifying point. 

Carbonate of Potash (KjCO,) is not used in the dye and bleach works 
the same extent as soda, although for silk- and wool-scouring it leaves 
he yarns, etc., with a better " feel, and when used in soaps, it does not 
ause colors to run or "bleed" to the same extent as soda. Its value 
[epends upon the percentage of carbonate. 

Acids. — The mineral acids are used in bleaching chiefly to neutralize 
Ikalies, or to cause a disengagement of hypochlorous acid in the so-called 
sours," and reference to their production is unnecessary. Hydrochloric 
Icid of commerce (also called Spint of Salty or Muriatic Acid) is yellow 
a color, due to impurities. The general strength is 21 ° B6. (specific gravity 
.17). Nitric Acid, used in conjunction with the above for silk-bleaching, 
nd largely in the preparation of some mordants, is bought with a gravity 
f 17.7° B6. (sjxKjific gravity 1.140). Sidphuric Acid (H^OJ is obtained by 
he burning of sulphur and conducting the gas into lead chambers, in con- 
act with nitrous vapors and steam. It is a heavy, oily-looking liquid, and 
rhen pure is colorless. It is ordinarily sold at 66° B^. (specific gravity 1 .84). 

Soaps. — The soaps employed in bleaching, etc., embrace Tallow, Romn, 
nd Olive Oil ffor silks), although othei's are used, but mainly for special 
purposes. Reierence to them has been made in the chapter on Oils and 
•"ats. (See p. 62.) In most large establishments soap-boiling appliances 
re in use. 
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the dveinj!;. The nature of tlie mordanting sultptanw used dcijeiids _ 
the aiftrailcr of tlie lihre, tlip kind of dye, and iijKin the eRect anigbf ; 
aome ahaden rtH|nire the use of several. Under onlinarj- eircmnstanix* 
wool is dimply Imiktl in a solution of a metallic salt, for example, hii-bro- 
nnte of jx)laah ("rhruiuL-"), in tlie pr(«ence uf a t^mall quantity of winic 
aoA,- in tins case, prefrrably, snlphuric. Wool so treated is «iid lit I* 
titnmetl, and is in a eondition fit to receive a black when dyed with log- 
wood decoction. Stlk is mordanted similarly, lower temperatures, however, 
faang Employed. If silk and wool are immei-sed for a time in a solutiun 
of ft metallic salt, an a):)eorptioii uill taki? place, when the fibre can Iw 
mated in water, during which operation a deposition of a basic oxide will 
oocnr. Cbtton, unlike wool or silk, has but little natural aflinity for the 
mdt^y of coloring matters, and of uecessity must be specially prepared. 
It U well known that cotton has a strong tendency to combine with tannic 
add, and this is made use of by !iteeping (»tton in a soUttioD of sumach ex- 
tract, ftittfhu, or other tannin-yielding material ; if it is afterwards waebol 
aod woikcd in a bsth of some soluble metallic salt, an insoluble ronijxiiiiHi 
will be formed, which Uieti lias the proi)erty of uniting with tlie dve. It is 
not aluays necessary to prepare the cotton with tannin, an immerBion in tlie 
nuH'dabI, followed by an oxidation or ageing, being deenied sufBcient. 

Snbsianllif Dj/einff is where the coloring matter is taken np from its 
solution by the fibre without the assistance of any aeent. Wool and silk 
are dyed with the coal-tar dyes in this manner, usmg some sulphate of 
soda and sulphuric acid in the case of the former, and with a soap-bath and 
a little acetic acid in the case of the latter. Cotton, when dyed with tbe 
benzidine colors, also comes under this head ; it is possible a colored com- 
pound of cellulose and the base of the dye is formed. The use of sails in 
dyeing the above is merely to prevent a too rapid absorption of the dj-e by 
the fibre, thereby obviating uneven shades. 

Adjective Dyeivg necessitates the intervention of mordants, as above ex- 
plained. Albumen, however, does not cause the formation of an insoluble 
Srecipitate on the fibre, but causes the cotton fibre to behave towards the 
ye in a manner similar to wool. Many coloring matters already fixed mi 
cotton have the valuable property of serving as mordants for other dj-es, i 
property much employed in the production of compound shades. 

The following list of mordants embrace only tnose of prominence ind 
in general use ; exact methods for their manufacture will be found in the 
works of Hummel, Sansone, Herzfeld, and others. 

(o) Mordaids of Mineral Origin. — Tin Mordants. — These are fiist in im- 
portance to the dyer and printer. They are used in two states of oxidation, 
alannoiia and tannic. The former salts have a great affinity for oxygen, i 
property of considerable value as a discharge for ouer colors. Their solufioffi 
are eiilorlessornearlvso, except those prepared with nitric acid, which are jej- 
lowish, — due, possibly, to an incomplete oxidation of the tin. The most promi- 
nent tin coni)K>tmd is Stannous Chloride, — when crystallized, " tin crgtiali," 
or as a liquid known as " mngk muriate of tin," or " double muriate of On," ac- 
cording to the gravity. The crystals are obtained by dissolving leathered tin 
in commercial hydrochloric acid and evaporating ; good samples contain about 
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fiftj' per cent of metal. The impurities are iron (from the acid vised), lead 
(from the crude metal, and from the table-tops on which the crystals are 
arained), and sometimes copper. The ^^ muriates" are nothing more than the 
mother-liquor from the crystals, diluted for " single" to 60° Tw. (specific 
gravity 1.3 = about thirty-eight per cent. SnCl2.2H20) and for "double" 
to 120° Tw. (specific gravity 1.6= about sixty-one per cent. SnCl2.2H20). 
The above are chiefly used in connection with the natural coloring matters. 

Hn SpiritSy owing to the advent of the tar-colors, are much less used 
than formerly. Their composition was exceedingly variable, consisting 
usually of stajinous chloride, with or without additions of sulphuric, oxalic^ 
tartaric, and nitric acids, and they bore such names as Amaranth Spirit, Yellow 
Spirit, Finiahing Spirit, etc. " Stannous Nitrate" (nitrate of tin) is essen- 
tially a solution of tin in nitric acid, the chemical composition of which is 
doubtful. " Tin spirits" is a collective name for a long list of stannic com- 
pounds, made, usually by the dyer, from hydrochloric and nitric acids, 
sodium and ammonium chlorides, etc. Their use is gradually going out 
Stannate of Soda, or Preparing Salt, is used in cotton- and woollen-printing ; 
its value depends upon the amount of stannic oxide contained. 

Alumimi Mordants, — SiUphate of Aluminum^ also known as Patent Alum, 
does not find much application in the dye-house, but is considerably em- 
ployed in the preparation of other alumina compounds which are, being 
much more economical than potash or ammonia alum. It is obtained from 
the mineral bauxite, and from cryolite. The brand manufactured for 
paper-makers is the purest, containing but little or no iron. By the addi- 
tion of alkaline carbonates the normal aluminum sulphate is changed into 
a basic sulphate which yields alumina to the fibre more readily. Their 
application to cotton is followed by a treatment with ammonia or soap to 
fasten the alumina more fully, to wool generally with cream of tartar, 
and to silk by immersion overnight in the solution, followed by a washing, 
which causes the formation of a ba^ic salt. Aluminum Acetate, or " Red 
Liquor," — so called from the original use to which it was put, dyeing 
reds, — is obtained by the double decomposition of aluminum sulphate and 
calcium or lead acetate in the proper proportions, and using the supernatant 
liquid. Professors Liechti and Suida, and Kochlin have conducted elab- 
orate researches into the action of the aluminum compounds as mordants^ 
and their results have thrown much light upon the wnole subject of mor- 
danting. Sidpho-^icetate of Alumina is obtained when an insufficient quan- 
tity of the acetate (lead or calcium) is added to decompose the alumina salt, 
and this forms the red liquor of trade. Ordinarily, the solutions have a 
dark-brown color and are characterized by a strong pyroligneoiis odor. The 
cotton-dyer and printer, es|)ecially the latter, make considerable use of this 
mordant, for reference to which, see p. 478. The remaining alumina com- 
pounds — viz., chloride, nitrate, hyposulphite, oxalate, etc. — ^are but little used, 
chiefly in calico-printing for alizarin shades. 

Iron Mordants. — Like tin, iron is employed in two states of oxidation, 
-—ferrous and ferric. Ferrous Sulphate (FeS04.7H20), Copperan^ or Gi^een 
Vitriol, occurs as a by-product from several chemical processes, and is much 
used in cotton-dyeing, and in the preparation of iron morilants. Ferrous 
Acetate, also called Pyrolignite of Iron aud Blackr-iron Liquor, is manufac- 
tured similarly to the acetate of alumina, or by dissolving scrap-iron in 
crude acetic acid. It is applied in the same general manner, and to the 
same fibres, as the alumina compound. The remaining iron mordants are the 
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state, and as an extract, which is, in some instances, grossly adulterated. 
NutgaUsy rich in tannin, find extensive application both in dyeing and 
printing, especially when light shades are to be fixed. They occur whole, 
*' crushed,^' and as an extract, which comes usually of two qualities. 3fy- 
robalanSj kino, divindivij etc., are also employed. 

D. Dyeing and Printing. — 1. Dyeing. — ^The apparatus used by the 
dyer consists of vats, kettles, cisterns, etc., and are ordinarily constructed of 
wood, although they may be also of metal, and even stone. Their capacity, 
in case of woollen yam, is such that they can conveniently accommodate a 
hundred pounds of material, although the sizes vary according to circum- 
stances. Wooden kettles are heated by a copper steam-coil inside and on 
the bottom, and are provided with a water-supply pipe, and a lifting plug- 
valve for emptying. Metal kettles are preferably heated with steam by a 
coil or double bottom. Open fires are used in England and Europe to 
some extent, but in the United States very rarely, if at all. The shapes of 
the vat or kettle vary with the material to be dyed. For cotton, wool, 
and silk yams they are mostly rectangular, and of varying depth, for loose 
material, mostly circular ; in the case of indigo- vats for yams, they are 
wine-pipes stood on end ; this gives a great depth of liquid with a mini- 
mum 01 exposure. In hand-dyeing, the yam is nung, and worked on sticks 
laid across the top of the kettles ; piece-goods are worked by means of a 
movable winch, sliding as occasion requires from one end of the kettle to 
the other, taking care to guard against twisting the fabric. Loose material 
is either dyed as such in circular tubs, or else is tied up in bags; and 
warps are passed over a series of rollers immersed in the dye-liquor, and 
then between squeezing or nipping rollers. 

Of primary importance in successful dyeing is a regular supply of pure 
water, and in the absence of this, various means must be resorted to to 
purify the water at hand, which may be contaminated with sewage, which 
may not render it unfit for use, or else it may contain lime or magnedaj 
usually as bicarbonates, which are soluble, or it may have sulphates or 
chlorides. Iron (when present it is as a bicarbonate) is very objectionable, 
and, for some operations, prevents the use of the water. Water which has 
flowed through limestone r^ons will invariably be hard from the lime dis- 
solved, and that which flows or is pumped from granitic regions will be soft, 
due to the absence of lime, etc. In the event of water having suspended 
matter, this can be easily removed by suitable filtration, but if other impuri- 
ties are present, chemical purification should be resorted to. A hard water 
is one which has bicarbonate of lime or magnesia dissolved, this solution 
being really a dissolving of carbonate of lime in carbonic acid contained in 
the water ; besides the above, it may contain in solution sulphat4*s of lime or 
magnesia. A water containing no sulphates, if boiled, would lose its hard- 
ness by the bicarbonate splitting off into carbonic acid gas and carbonate of 
lime or magnesia, which would be precipitated (temporary' hardness) ; if sul- 
phates were present, the boiling would have no effect on them (permanent 
hardness). A soft water is one containing no such impurities. 

Chemical Purification for water embraces several processes, notably Dr. 
Clark's: decomposing the bicarbonate with a clear solution of calcium 
hydrate, by this means the excess of carbon dioxide is combined with the 
lime added, which is precipitated and removed by settling. Only the tem- 
porary hariness is removed. The Porter-Clark process is similar to the 
iJ>ove, with the exception that the precipitates are removed by the water 
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eonsept in incUgo-dyeing^ mere no mofdanl is reqni redy and in tihe mBee- 
tion of the benadline and primidine colonb In die care of fov efM^ fin 
operations are conducted in km dranlar of rentennnlar -m^ hea rt ai 
preiyjoosly described^ and pre>vid5 wiUi die necg s ssiy nJete and oull et i ftr 
water, the ootlet being covered wiUi a gMire screen in cider to keep fin 
looee material from stopping it iq^ The material is "pole^ or wofkedly 
ki^^-liandled rakes iMT Dj medbaniosl means. The w a i n i iy csn he doneia 
a similar afqparatne^iMr in one similar to a wool-eeonring ni^ Forfam 
besides the <^en ketdes mentioned on die pteoediag peg^ manj mernswinH 
devices are in use^ andare wefflsmtedwhttelMfge OTantftim of mrterislaw 
to be worked to one sha^ bat in esses where difc ien t shades are to be 
produced, hand-dyeing cannot be excelled. For warpSy the apparatus re- 
ferred to on p. 456 is used ; it can be made with two or more kettles, so that 
the warp can pass through two or more different solutions. This arrange- 
ment is admirable for mordanting, dyeine, and washing, or in the event of 
using the primuline colors, requiring rapia treatment, llie several baths can 
be maintained at different temperatures. 

CloOi'dyeing Machinery. — ^The vats are either iron frames and wood or 
all wood, in some places small enough to stand on the floor of the dye- 
house, in others they must be sunk below that level, in all cases surmounted 
with a hand or power winch for working the pieces. Drying is accom- 
plished by wringing cut the yam, centrifugating, and hanging on wooden 
sticks in a " dry-room," or in the case of piece-goods, squeezing through 
rollers, centrifugating, and carefully arrangmg on sticks as above. 

Application of ^ Natural Coioring Matters. — Indigo. — ^This dye is 
always applied in the cold, and by any of the several " vats'* now known, 
among which the lirm and copperas may be mentioned. This vat, or series 
(usually ten), is made up in various proportions, the amount of ground 
indigo ranging from thirty to thirty-eight pounds, copperas, fifty to eighty- 
five, lime, ei^ty to ninety. The vats b^ng filled with water, the lime is 
added, followed by the ground indigo and tne copperas, raking the whole 
up occasionally until the indigo has been reduced, which is known by the 
olive-colored appearance of the liquid. A good working vat is known by 
peculiar blue streaks or veins which appear when it is rsiked. The dyeing 
is performed by dipping the wetted yarns in the oldest (weakest) \'at, then 
squeezed out, placed aside to oxidize, and passed through the next, and so on 
until the proper depth of shade is reached, the whole operation being coo- 
ducted systematically. The lime which is precipitated on the yam is r^ 
moved by means of a weak acid and washing. Rece-goods are dyed in a 
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similar solution by fastening the material to a large frame, which is dipped 
and re-dipped until the proper shade is obtained, or, in case of warps, also 
by passing over immersed rollers in a large vat, and finally over rollers 
exposed to the atmosphere ; this is particularly suited for light shades. 

ZiiiC'powder is much used in indigo-dyeing, supplanting copperas ; for 
forty }K)unds of indigo about twenty pounds of zinc-dust are used. This 
vat is more economical than the preceding. Other vats are also employed, 
— ^viz., hydrosulphitey Gettnan soda vat, urine, etc., but those detailed in- 
dicate sufficiently the character of the operation. 

Logwood. — ^This dye-wood is used in the form of liquid or solid extracts, 
and as chips, and mainly for the production of blacks. The cotton is mor- 
danted in a cold solution of acetate or nitrate of iron, squeezed, and the 
iron precipitated on the fibre by passing through a solution of carbonate of 
soda, and boiled in the logwood-bath ; or the cotton is allowed to steep in 
a solution of tannin (sumach, galls, etc.) for several hours, then workea in 
dilute iron solutions as above, — ^this produces a tannate of iron, — followed 
by a passage through weak lime-water, and dye in a separate kettle. Ace- 
tate of alumina can be used with the iron, somewhat modifying the shade. 
A " chrome black" can be obtained by dyeing in a single bath of bichromate 
of potash, hydrochloric acid, and logwood ; many modifications of this pro- 
cess are known. Gray shades can be obtained by first working in logwood, 
and afterwards in the copperas or bichromate of potash baths. 

Of the red dye-woods little need be said, as their practical utility in dye- 
ing is on the decrease ; their coloring matters are fixed in the usual manner 
with tin, alumina, or iron mordants. Of the yellows. Quercitron Bark and 
Turmeric are the most important ; the former, used chiefly as an extract, is 
available for the production of greens, etc., in combination with other col- 
oring matters. Turmeric is applied directly to the cotton by working in a 
plain bath, the color having a natural affinity, although it is not very fast. 

Application of the Artificial Coloring Matter to Cotton.* — In this section 
only the individual colors will be referred to, any attempt to discuss the 
production of shades by compounding would be beyond the scope of this 
publication. 

Fuchsine is dyed upon tannin-pi-epared cotton, or upon cotton that has 
been worked in small quantities at a time in a bath of ten j)er cent, of neutral 
soap or Turkey-ixxl oil, followed by an immersion in a warm bath of two 
hundred and fifty gallons water and one gallon acetate of alumina (9° Tw.). 
Work half an hour, wash, pass through a soaj)-bath for fifteen minutes, 
wash, squeeze, and dye. Tlie color is added in successive portions until 
the required shade is obtained. Safranine is dyed upon a tannin mordant, 
or the tanned material is worked in a 3^ Tw. bath of stannous chloride for 
an hour, washed, and passed through a two per cent, soap solution, and 
dyed at 140° F. Methyl and allied Violets can be dyed upon tannin as 
above, or pass the untanned cotton through a one per cent, olivc-oil-bath, 
squeeze, and dye at 100° F., or with the assistance of acetate of tin, or 
with alum and soda. The basic greens, including Victoria Green, Methyl 
Green, Brilliant Great, etc., are easily dywl upon cotton in the ordinary 
manner with a little (.5 per cent.) acetic acid. 

The Eosins, with Phdoxin, etc., are dyed in several ways : first, by pass- 

* Beference has been made in the preparation of this and subsequent sections on its 
applications to several of the published trade circulars issued by the coal-tar color nianufac- 
tureri^ and also to information from private sources. 
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tag the cotton ihnwgb a two percent. foa{>-ba!ii. folJowtd bv an immernoo 
ftr two lii>urB in from two tu thrw per wut aoetate of leaJ. wadiiug well. 
Mid dveiug, cnld. with a little aortic acid ; or, !^ivo4>d, br working in a dve- 
badi with «ight to Ira per cenL sulphate of siida, or the cotton can be 
mrket] in 5° Tw. Lath of ^tannate of sixla for an hour, worked fur tiiirtv 
wauii^ in a ten per ocnt. alum siiliition, rinsed, and dved cold. lihoiltiiiik 
iidved on acrtateof alumina exactly as for fijchsine. BriSiant, Cotton, and 
Sollihte Blu-n: Tho collon is tannr-d ami dyed with tive i>er c«'nt. alum and 
flOe j>er cent, sxla; or the lanriLd ■■'ittim ■an I* wiirk-yi in a :i" Tw. sian- 
MN»<lilnrkfe haA ftr « a hoy , ri Med, m d dy«d at 180" ¥. If U^ 
■Mtlesan to bepvoanoMi, mric nweotton in ft fire per ccMLioqi-lHllinr 
ui hoa^ soneob lad wtfc ib ft tfaive per cent. *" Inih, wiiiig ant, na 
dye wHfc the ■iwiiUnfw of tniuie add md nlank VidaHmBhm. OUbm 
■ morauted win luuun j djre wun one per cent* sednlB of t'"™'— 
Jjettjdaie Bbu. Hub ie an esntadinghr vftlmUe color to the ooths-dfcr, 
ne vitfi it be can pvodnoe indipi nifaft. The cotton ia Boe^ntad vilk 
twenty-4ve per ceirt. eonadi at IW" F. Gmeeveal tnma^mdallovtD 
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t of eodii wriBfb UM paea ftr half an honr Ih^iwgh aa^inale ef 
Cotton eaa dw be dred I17 pMBbg int Ihran^ 
I diiwi|^ aeeliAB of unmina. Dm oold, or Ofe 
direct, with sulphate of altunina. .^aroami, of cooridenble valoe, is mi 
in the same manner as methylene blne^ Bismarfk Brown and Chrymdw. 
Dye same as Bafranine; temperature 100° F. /ndu/ine and Ai^rotnu. Dye 
in same manner as for the cotton blues. Paraphtnyltne Blue ie dved upon 
tin or antimony, and tannin. The shades produced are verj' ^k, and 
extremelv fast; treated with bichromate of potash, the shade eloBcly imi- 
tates, an^ is faster than, indigo. The substantive colors of the C<Higo and 
parallel groups are exceedingly \'aluable, for the reason that they are easily 
dyed upon unmordanted cotton, and that they are of exceptional &stiKSs. 
The several Congoa, Bemo- and DtHa-mtrpurin, and Romzarin, are dyed 
with two and one-ludf per cent soap and ten per cait sulphate of soda, or 
phosphate of soda, boil for one hour. Heanan PurfU is dyed at a boil for 
naif an hour with ten per cenL common salt, followed by a paseage throogli 
diltite soda. Chrggamin is dyed with ten per cent sulphate of soda and 
two and one-half per cent, soap at a boil. Heman YtUoto is dyed with tm 
per cent, of salt and a little Turkey-red oil. Brilliafd Fetfotp'and Chryio- 
pAmin are dyed with ten per cent, salt and two per cent, oxalic acid, votk 
alf an hour, squeeze, rinse, and dry. Azo Blue, and Bmzoaximine, H^ 
vpe, rtc, are dyed with ten per c«it sulphate or phoephate of soda and two 
JM one-half pounds of soap, let stand, and skim the stiHace, add the dye, 
t)oil,and pu* in the yam, and work for an hour, boilirtg, rinse the yani,aiw 
dry at as low a temperature as possible. Indigo ahadea from Brmoaamm 
are obtained as above, but for even,' one hundred parts of color add thne 
parts Chri/samin, All the benzidine dyes act as mordants for a ver}' large 
number of other colors, no other fixing agent being required. 

Aniline Btach. — This color is produced direct^' upon the fibre durii^ 

lie dyeing by means of aniline oil in the presence of oxidizing agents; to 

n ffood residts it is necessary that the oil used should be as pure as po6- 
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sible. Two methods are in general use, — warm (Grawitz patent) and the cold. 
In the former method, two thousand four hundred litres of water, thirty-two 
kilos, hydrochloric acid, sixteen kilos, bichromate of potash, and eight kilos, 
aniline oil are taken. The acid and aniline are each diluted with water and 
carefiiUy mixed, the solution thus obtained being added to the main volume 
of water. The bichromate of potash is previously dissolved and added after 
the aniline. Immerse the cotton, and work for three-quarters of an hour in 
the cold, and then gradually raise tlie temperature to 60° or 70° C. In the 
cold method take eighteen kilos, hydrochloric acid, eight to ten kilos, ani- 
line oil, twenty kilos, sulphuric acid, 66° B6., fourteen to twenty kilos, 
bichromate of potash, and ten kilos, copperas. This bath is made up 
similarly to the previous one, with the exception that much less water is 
used. Aniline salts in solid form ai^ ofteu used instead of aniline oil 
and acid. The yarn is worked in one-half of the materials for an hour 
or so, after which the remainder is added, and the operation carried on 
for about one and a half hours longer, followed by a washing, and a 
boiling in a soap solution. In either case, the cotton aft;er dyeing is sub- 
jected to a further oxidization with bichromate of potash, copperas, and 
sulphuric acid, — this having a tendency to prevent greening. Cnlorate of 
soda is used considerably as an oxidizing agent in the dye-bath. Vana- 
dium chloride, or vanadate of ammonia, has been recommended to be used 
with a chlorate in place of bichromate of potash ; the proportion of the 
vanadium salt being to the displaced bichromate as 1 : 4000. Another 
method is to produce the aniline black in powder form, purify it, liberate 
the base, which is dissolved in sulphuric acid, poured into water, and the 
precipitate formed thereby dissolved in caustic soda. This is reduced as in 
the case of indigo, and dyed in a similar manner. 

Alizarin-Dyeing^ Turkey-red Process. — J. J. Hummel, in his " Dyeing 
of Textile Fabrics," 1886, p. 427 et seq., details the emulsion process, which 
need not be described here. It may be stated, however, that beautiful re- 
sults have been obtained from its use ; the yam passes through fourteen 
operations, as follows : boiling in soda and drying, worked in an emulsion 
of oil, dung, and carbonate of soda ; passed through the previous process 
twice again ; worked four times in caroonate of soda, steeped in water, and 
in carbonate of soda, sumached, mordanted with alumina, dyed with aliza- 
rin (ten per cent.), sumach, and blood, cleared with carbonate of soda, final 
clearing with soap and tin crystals. To finish the dyeing requires about 
three weeks, but a real Turkey-red is product. Except tor some grades 
of goods, it is doubtful whether such a lengthy jirocess would be profitable. 

TThe following scheme of a process represents the type of a reasonably 
short one ; it is well to remember that it can be modified to a considerable 
extent without altering its product. It is used in several establishments 
essentially as given. Boil the cotton for two hours in a 1.04 specific 
gravity solution of caustic soda, wash well in water, dry, and work in seven 
to ten per cent, solution of Turkey-red oil, squeeze, dry at about 116° to 
120° F., steam in a chest, mordant with acetate of alumina (red liquor) 
at 80° Tw., and dry as before ; work for an hour in a hot bath of five 
pounds of dung and eight to ten pounds of chalk, followinl by a go(xl 
wash, and pass to the dye-bath, made up of eight j)cr cent, of alizjirin, two 
per cent. Turkey-red oil, and about one per cent, of ground sumach, or 
equivalent in pure extract. Enter cold, and slowly increase tlie temperature 
to and maintam it at 160° F. for over half an hour. Dry, and steam in 
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y alizarin and indi^. The coal-tar colors, as a rule, are not applied, 
[though they can be by treating the fibre in the same manner as cotton. 

Jute,y owing to its peculiar chemical structure, does not require any 
iordanting ; all basic colors can be applied by simply boiling in a neutral 
ath. Some scarlets and a few of the acid colors are fixed with the assist- 
nce of a little acetic acid in the dye-bath, sometimes with a little sulphuric 
cid and alum. 

Wool-dyeing. — Raw wool is dyed in the same manner as raw cotton, in 
pen kettles, or in machines made for the purpose. Woollen yam and clotk 
re similar in their manipulation to cotton, the ap})aratus being in both cases 
early the same. Dyeing-machines for carpet yams are coming slowly into 
se, several forms being capable of handling a large quantity in comparison 
irith hand labor. 

Some classes of goods, i.e., plushes, have cotton backs, — these being 
►reviously dyed in the hank and warp and then woven, — the face, or pile, 
J afterwards dyed the proper shade, care being taken to select such colors 
s will have no modifying effect upon the cotton color. For this purpose 
otton dyed with aniline black, indigo, or alizarin are best suited. 

NaiurcU Coloring Matters applied to Wool. — Indigo, as extract, is easily 
pplied, and is extensively employed in the production of light and dark 
hades by simply boiling the wool in a bath made up with the color, sulphuric 
cid, and sulphate of soda. If other coloring matter are to be used in con- 
lection with the above for the production of compound shades, a iieuiral ex- 
ract had better be used, and the dyeing done without the above acid. Wool 
I dyed in a vai, where exceptionally fast and full shades are demanded, espe- 
ially for army cloth. Loose wool is dyed in the so-called /ermen<a<i07i-ra<. 
?he wool being kept below the surface of the liquor, worked about by means 
f long rakes for a sufficient time, and taken out and put in large cord bags, or 
►laced upon rope screens to drain and oxidize. It is finally dipped in very 
lilute acid to remove soluble impurities, well washed, and dried. Woollen 
am is worked in vats exactly as in the case of cotton. Qoih is worked in 
he vat below the surface of the liquid, by means of poles with hooks, 
[^he best indigo-dyed cloth is that made from wool which has been previ- 
msly dyed in the raw state, — dyed in the wool. 

Logwood. — ^This dyestuff is the real base of the blacks upon wool, the 
nost generally followed method being with bichromate of |)otash as a mor- 
iant Boil the wool in a bath of three per cent, bichromate and one per 
ent. sulphuric acid for an hour, lift out, rinse, and l)oil in a bath (made 
vith a decoction of about forty j)er cent, chipped logwood) for an hour, lift 
he w^ool, and add a little extract of fustic, continue the boiling for a half- 
lour. This will yield a rich black. Various modifications are practised, 
lepending upon the exact shade desired. To prevent a "greening," or 
levelopment of greenish tinge on exposure of the goods to the light, a coal- 
ar color, such as " cloth red," is dyed on first, so as to neutralize the effect 
)f the green shade which may form. For cheap work " one-dip hlacks^^ 
ire used, — ^these consist chiefly of a mixture of logwood and a mineral mor- 
lant, iron or copper. Wool can be moixlanted with copperas, copper, and 
;ream of tartar, etc., followed by dyeing in the logwood, or it can be worked 
n the logwood first, followed by a " development" in a bath of ferrous sul- 
)hate of iron and copper. 

Logwood Blue, for some kinds of work, is an excellent substitute for 
ndigo, full shades being obtained by direct dyeing, or by dyeing upon a 
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iefly, however, in comlmistion with odier ool<»fl^^ — Ce., ind%D exttaet 
to produce greens, olives, sages, etc., and alu'ays npon mordanted wool, 
nsing tin crystals, salphtite of alumina, bichromate of potash, iron, and 
ccqiper. Quercitron Bark is used for the same purpose as tiiBtic and under 
the same conditions. Flavin, a production of the latter, b used in the ame 
manner, its chief advantage is that it is much more concentrated. ^rcAi^ 
{OrchU) as "extract," liquor, or paste is extensively used in the dyaiw 
of caroet yams ; it is applied by simply boiling the yam in a bath with 
the color, sulphuric acid, and sulphate of soda. It is exceedingly difficult 
to remove from }'am once dyed with it ; a process which will economically 
accomplish this is much sought after by manufactureis. 

Application of the Coal-lar Colors. — As a general rule, it may be stated 
that nearly all the soluble artificial colors can be dyed upon wool without 
any special treatment, by boiling in a hath with ten per cent, of sulphate of 
soda and two to four per cent of sulphuric acid. A tew exception? may 
be given : Alkali Blue (Nicholson's Blue). The color is dissolved in car- 
bonate of soda, poured into the dye-bath, the wool entered, and the tem- 
perature raiwed to the boil, keep boiling for a while, lift, rinse well, and 
immerse in a liath of very dilute sulphutic acid, when the color will beat 
once developed. The Violde (Hofmann's, etc.) are dyed neutral, or with t 
litlK; «)ap. Methyl Green is applied to wool with borax, after having hwn 
monlanted with hy|>osulphite of eoda and hydrochloric acid. Auramine 
is dyi<l both neutral and acid. The Tndulinea are dyed neutral, and then 
boiled in dilute sulphuric acid. Gallein and Oxru/ein are dyed npon 
Wdiil mordanted with potas.siiim bichromate and a small quantity of acftic 
acid. The a|ipHcatioii of Alizarin to wool is exactly as for madder, the 
general monlant being sulphate of alumina and tartar for rerfs; tin crj'slals 
<u)d tartar for orange; potassium bichromate and sulphuric acid for rtd- 
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brawns; iron and tartar yield mold; and copper, shades of brawn. The 
addition of a little lime to the dye-bath is necessary in case none is naturally 
present in tlie water. 

Nitro-alizarin (Alizarin Orange) produces with several metallic mor- 
dants, applied as above, a range of shades, which have not reached commer- 
cial importance. Alizarin Blue is dyed upon a chromium mordant, and 
yields a. durable blue, of some value, — for wool, the price of the dye is 
against it. 

Alizarin blues, such as Alizarin Blue H R, which are made by com- 
bining alizarin or a derivative of the same with a base, such as aniline, give 
various fast shades, and are dyed nearly the same as the older alizarin blue 
and alizarin blue S, except that the bath may be exhausted with very little 
or no acid. 

The mineral colors are dyed upon fibres through the decomposition of 
metallic salts, for example, to dye Prussian Blue, the wool is worked in a 
bath of red prussiate of potash and sulphuric acid, and gradually brought 
to a boil, squee;^, rinsea, and dried. 

Silk-dyeing, — Silk has a great afSnity for the coal-tar colors, with which 
it can be dyed without any mordant, although it is customary to employ a 
soap-bath (boiled-ofiF liquor) with or without the addition of a weak acid, 
usually acetic. If soap is not used the colors will appear streaky or spotted. 
For ribbons, fancy dress goods, plushes, etc., the above colors are solely 
employed, with the possible exception now and then of recourse to some 
natural coloring matter, the use of the latter being almost restricted to 
logwood for blacks and modified shades, including browas. Silk is dyed 
in skeins or hanks, warps, or pieces, this latter including plushes. The 
machinery is of the simplest kind, embracing the kettles, with and without 
winches, washing-machines, etc., and need not be especially described. 

Silk is not dyed with indigo (vat process), but indigo shades are obtained 
by using indigo-carmine. Black is obtained by several processes. Work 
the silk in acetate of iron and wash, then in a warm soap solution, followed 
by an immersion in ferrocyanide of potash, washed, and worked again in 
the iron-bath, rinsed well, and steeped in a solution of catechu or gambir 
for ten or twelve hours and washed. This preliminary process is necessary 
in order to insure a good result if systematically carried out and not forced. 
The material is dyed in a logwood decoction containing soap. 

To obtain heavily weighted goods, the process of aippmg in iron solu- 
tion and then in tannin-containing liquors is often rej)eated several times. 
A method giving excellent results, and which is considerably used, is 
as follows. Wash the goods, and pass through a bath of nitrosiilphate 
of iron, wash, and then through a solution of carbonate of soda. These 
two operations are repeated several times, each time causing the precipita- 
tion of more iron upon the fibre, and consequently " weighting" the silk. 
Work for some time in a bath of ferroprussiate of potash and then in a 
bath of catechu, followed with a little " muriate of tin" or tin crystals, 
wash, and transfer to the logwood-bath, which may contain a little extract 
of fustic to modify the shade required, then to a soap-bath. Every locality 
is not suited to black silk-dyeing on account of impurities in the water, 
careful purification of which is a special requisite. Seal plushes are dyed, 
first in a dye-bath in the ordinary manner, a dark-brown shade, followed 
by the application of a black, blue-black, or other color, in the form of a 
paste thicKcned with starch, gum, or other medium. The apj)lication of 
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tbis lieing dope on a madiine provided with revolving brushes, sncl sn rcgn- 
laiPil thai only the lip or fiice of the piece of goods is coated. One impo^ 
tani fcanin- in plustics of tfa'is chanictor, and al^ in other kinds of eilk 
piHxls which have been heavily iron-murdauted, h that the natural lustre 
of the fibre is somewhat destroyed ; this is supplied by means of a paste 
mixture- of vegetaWe mh made into a paste witJi starch or otlier substance, 
applied as in the case of the Up, and steamed in an ap)>aratus similar to 
thai ik^xl fur alizarin red (p. 488). The oil, usually a delinite amount, 
is ahiorbed by the sjik fibre under the influence of steam, imparting a pr- 
manent Instre. The gouds, when remuvifd from the steamer, are washed to 
remove the staivh. excess of oil, ete., when they are ready for other o]Jera- 
tions. 

The weighting of silk is accomplished by the use of iron, as explaincil 
above. This, Ixiwever, is suitable for dark shades only ; for light shadw, 
tin iu wtmbinadon with sodium phosphate and soap is used. 

A class of fabrics similar to plush, bnt with the vile of two or evai 
three ntlors, much used for (arriage-rol>es, etc., and dyed to imitate the skiiu^ 
of animals, are prepared in the following manner: The material (i-ottuu- 
black and ^Ik pUe, the former previously dytd a f&»t color) is dved, say 
a brown, in the ordinarj' manner ; uiion tlie fibre is then applied a dis- 
charge made of stannous chloride solution and pemuuiganale nf pota^ii. 
This is so Htntrolled that only one-half of the fibre is acted u]M<n. When 
tl>o eff«t is produced the exccfe is unshed off, rinsed, dried, and, if netw- 
sary, a tip is applied, which onlv dyes tbe very lace of the pile. In this 
manner three colors are obtained on each thread of the face. After tnitl- 
ing as above, the whole may be dyed a very ii^t shade, thereby producing 
modified effects. 

The artificial coloring matters are applied to silk as previously stated. 
AtcAo/«o»'« Blue (Alkali Blue) is applied as directed for wool, and seldom for 
the production of mixed shades. Picrtc^cwf is much used for compounding, 
especially for greens, faster colors can be obtained by using naphthol yetloiv 
and indigo-carmine. The Eosiita yield beautiful colors, and are applied in 
a soap-bath followed by a brightening in dilute acid. The Azo dyes are 
applied with a neutral soap-bath. 

The use of Alizarin with silk is only in cases where &stness is of more 
importance than brilliant shades. Alizarin Black is being much used in 
dyeing mohair goods (astrachans), and is applied in the ordinary manner. 

E. Printing Textile Fabrics. — A brief outline of the more impoN 
tant " styles" in use is all that will be attempted in this section, from the 
fact that the subject is too extensive to enter iato the details satis&ctorily. 
The processes in general are conveniently divided into two luain groups, 
differing in the manner of applying the colors, — namely, Direct PriiM 
CWors, Dyed Colore. 

Direct Printing is done by mixing tlie desired color with the proper 
fixing agents and applying directly to the fabric by means of bloclcs en- 
graved with the design, or in a machine provided with a <7linder upon 
which the design is likewise engraved ; for each color to be applied a sepa- 
rate cylinder is needed. From the above it is obvious that the color « 
applied will appear only on those portions of the fabric brought in oonUfl 
with the design. 

Dyed Colors are obtained bv printing different mordants apon the cloti, 
as above, and fixing as for ordinary cloth, and then dyeing the whole, or, 
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l)v printing ujion the cl'ith rcxUI«, substances wliicli will prevent tlie dye 
fruui becominfT fixed at those places so printed, or, again, by dyeing the 
whole piece first, and then producing ijatterns or designs by means of sub- 
stanees wbieh will destroy the ground-color whenever brought in contact ; 
ihese substances are called iHscbargvu. This broad definition is deemed suf- 
ficient for the purpose intended ; the principle of each style will [k apparent 
up<ni fiiUowing the methods hereafter given. 

The ojierationtt conducted in a print-works embraces as a preliminary 
bUaching, the details of which are referred to on p. 473. Then the prep- 
aration of the colors, which is always done in copper pans mounted in 
snch a manner that they can be emptie<l easily, and that their contents can 
lie boiled by steam, and cooled by water, facilities for this being done by 
nicnns of steam and water trunnions connecting with the double bottom of 
eaili pan. From five to eight pans arc supplied in a " Irattery," although 
it is often convenient to have one or more pans separately mounted, and 
without steam tajw. The agitation of tlie contents is [>erformed either by 
means of wooden imddlea or, preferably, by mechanical agitation, which 
can be raised clear above the top of the pan, and witliout interfering witli 
the working of the others. As the majority of colors u.sed are made with 
either startrh or flour for thickening, it is necessary, to insure gix)d results, 
that they are strained or filtered ; for this 
Fio. 125. purpose it is well to have wooden frames 

made, over which is tacked brass or copper 
wire clotli (iron is inadmissible). The most 
imfTOrtant piece of apparatus is the printing- 
machine, an idea of the construilion and 
oiwration of which may be had from Fig. 
1 25. ^ is a cylindrical " bowl" or drum, 

II ^ '\f covered with several thickne^es of felt 

I i^m\ elftlij c, around this drum, and passing over 

I /^SfI ^ smaller one, B, is an endless band, d (full 

I / I |j width of the machine), over this band, and 

I / 1 acting aa a guide to the fabric to be printed, 

I / 11 is another band, c, whicli serves to keep d 

I If J clean, being, in fact, a piece of cloth, yet 

I jj m to be bleai'he<l and printed ; the piece being 

t| / u printed is indicate*! by/. The means for 

tI / ^1 applying the color are shown in the figure 

1/ 11 below the large drum, — viz., the printing 

j\(j^^^^^b^\ rollers or engraved cylinders A„ A„ h^, which 
liii^^^^^BlM ^^ '^ ^^'^' color through coming in con- 
H^^BR|Bu tact with the wooden rollers )i„ n,, »,, which 
■^^■EE^^HI j[|p jj, jjjg poioj. contained in tlie troughs 
'^'it ^i> ^' Pressing against each of the 
rollers, />, is shown a small strip of metal, 

I^^L^t™—* 1 jfc r, technically termed the "doctor," the 
^£^ ?^» "%^ purpose of which is to remove the excess of 
"^^^ ** ™'*"' ''■oni fie face of the printing-rollers 
^^ before they come in contact with the cloth. 

These "doctors" are best made of bronze 
or gun-metal, or some of the newer uhiminum-coppcr alloys, — capable of 
better resisting weak acid. Before the cloth is printed upon it passes over 
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acid to make a twenty-five per cent, solution. In the event of using soda, 
much longer washing is required. 

NitrcUe of Iron is made as above ; copperas and nitrate of lead being 
used for the decompositions in equal proportions. Nitrates made by direct 
solution are obtained by several methods, the best being nitric acid nearly 
saturated with scrap-iron and diluted to about 80° Tw. Some of the so- 
called nitrates of iron are mixtures of sulphate and nitrate of iron and some 
are composed entirely of sulphate of iron, while others are waste liquors, 
such as are obtained by dissolving iron out of " tin scrap" by means of 
sulphuric acid. Others may contain hydrochloric acid, with or without 
the addition of copperas. Chromium Acetate is similarly prepared with 
chrome alum and lead acetate, or by precipitating chrome alum with an 
alkali, and dissolving the washed precipitate in acetic acid, or in nitric acid 
if the nitrate is wanted. This latter mordant can be made by using lead 
nitrate and chrome alum. 

The tin mordants are used to brighten the color with madder and cochi- 
neal dyeing. The first is Stannous CMo^ride, SnCl2 + 2H2O. It is made by 
dissolving tin in hydrochloric acid and evaporating the solution. It is used 
somewhat in w^ool-dyeing, but more largely in calico-printing. Stannic 
chloride, SnCl4. is also used, and its combination with sal ammoniac known 
as " Pink Salt,'' and Sodium Zinccite^ Na^nOg, known as " Preparing Salt." 

The principal styles of printing tissues are given in the following 
scheme, condensed from a tabular view given in Sansone's excellent work 
on " Cotton-Printing." 

Printed (Direct) Colors. 

1. Steam or Extract Styles. 
(a) Coal-tar Colors, 

Alizarin, Basic Aniline Colors, Acid Colors, and Neutral 
Azo Colors, 
(6) Dyeioood Extra/sts (natural organic coloring matters). 

Logwoody Quercitron Bark, Sapan arid other lied Woods, 
Catechu, Annatto, Cochineal, 
(c) Steam Mineral Colors, 

2. Pigment Styles (fixed by albumen). 

3. Oxidation Colors, 

4. Direct Indigo-printing ("alkaline styles). 
Dyed Colors. 

5. Alizarin Dyed Styles, 

6. Turkey-red Styles, 

7. Indigo Styles, 

8. Manganese Bronze Styles, 

1. Steam Styles. — Here the colors and proper mordants are mixed, and 
applied to the fabric in one operation, followed by air drying and steaming, 
or by immediate steaming, drying, and again steaming, the object in each 
case being to fix and develop the colors. Several conditions are to be noted 
in this style, chiefly the humidity of the steam, temperature, pressure, and 
the duration of the steaming, in order that the same shades may be again 
obtained with the same colors. Before being printed the cloth is passed 
through a solution of stannate of soda, also called " preparing salt," and 
then mrough sulphuric acid (1.005 to 1.015 specific gravity), washed, and 
dried. The colors best suited are the basic, — that is, those which form in- 
soluble lakes with tannin in combination with a metal, and the general 
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I ^iof! tlir tatae U given in tbe fullowing extract fmin ^on- 
WNw (** PruL—^'"!, p. ^Pi : " A mlor is fonDMl cmisistiDg of thk^enuig. lt» 
nluti'W of cultifiti)!; manrr, and scriir aeid. The jioetic acid is added in 
ike pcepustJtMi nf liie aitx in onW lo prevent ibe taoaic acid from om- 
bounr with the dyestnff ; in other ironk, the aoetic acid kvepe both tbe 
culoruK — * *"^ and the *■■"*?» in wJiitiiHi in the thukencd oilur, and pre- 
nnta nor eombJaine with eadi other ; but when dw color h printc^l aad 
the dfitb IB dried and atmaed, the aatic aud is expelled, and th« mlonng 
nutter and tbe tannin tben go into dombuiatioa to form tbe in^jlultle oul- 
ttrcl Uke. Tfa» lake, bowenr, not being <>uiBciently fa^ to stand by iu^ 
a metallic mordsnt is DecesEarr to ^ve additional fitstness to tbe cnlon; fix . 
tlii;- na^oD tbe eloth, after pontiDg, dyeing, and !<t(«inii^, is pos^ intoa 
eolutioo (itotaining tartar emetic." Tbe antimuay of whirb at onte asuta 
with the " tannate^ uf the mtor already on the fabric, thereby rtroducin^ i 
more insoluble body. Tb« straming operatioa mu^ be comiocted vritli 
aocfa a rtdane of steam that the aoetie add voUtilized can be carried awsv, 
or dee the ooloca mar be injured. Of the eolore employed may be men- 
tioned the Fodnnes, !Uethrl Violets and Greens, I&iiiarck Brown, Xajtth 
tbylene Blae, ete. 

Afiionn, Kitboat exception, is tbe mc«t tnip>M-taat (xtloring matter ihJ 
in CI>tl•:>n-prinliI^;, for wbicb purpose tbe goods are previously trtaied with 
aluarin i^l and dried. Witb abzarin in printing, as in dyeing, tbe color 
obtained depends npoo tbe selection of tbe munuot, wbieh can, bowe\'fr, 
be a mixture ; for nth, alumloa, with or wtth'Xit tin ; purptat, iron ; hrweat, 
irith eitlii-r fi'rriii"antdt.- of jKitafsiiim i:>r aiXTate of in.'ii, and acetate of 

tbey are steamed for one or two boara, and passed throagb a heated dialk- 
batb, washed, and sonped. The following indicate the m^ods of preparii^ 
several colore : 

RaL (Standud.) 

Alizuin patU (ORmd percent.) 6 poandi. 

Staich pule 2 galkKiE. 

Acetaw of alumina (11° Be.) IJ pintt. 

Acetate of lime (15" B4.) 1 pint. 

Kilrate of alumina (13° B4.} } " 

PtirpU. (Slandatd.) 

Alizarin 2 poondl. 

Starch paste 1 gtXha. 

Acetate of iron (13° B*.) 1 4)uart. 

AcetatKof lime(lS° Be.) 1 pint 

Acetic acid 1 " 

BnxiM. (Standard.) 

Alizarin (fifteen percent) 4 ponndi. 

Starch pa^te . 1 gallon. 

Nitro-acetate uf chromium (26° B£.) 8 poandt. 

Ai-eUleof lime(13»Be.) | poaad. 

Since the introduction of tbe alizarin greens and violets, tbeir nseinoon- 
nection with chromium in cotton-printing has been most rapid. 

Dye-woo<ls, with the exception of logwood, have been nearly superswdfd 
by the tar colors. The method of applying the color is nearly the same as 
for other steam colors, — viz., print, dry in the air, steam, and wash, and 'n 
ntade up with chromium as the mordant, and an oxidhang t^nt, nith or 
without the presence of anotlier coloring matter to modify Uie shade. 
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The following recipes illustrate the color as made for blacks : 

Steam Logioood Bltxck, (Sansone.) 

Water 1 gallon. 

Acetic acid (6® Tw.) 1 " 

Logwood extract (80° Tw.) 1 " 

Quercitron bark extract (30° Tw.) 2 pounds. 

Starch . . . . ; 6 " 

Dextrine 2.6 " 

Olive oil 6 " 

Chlorate of potash or soda 76 pound. 

Boil, stir, until cola, then add 

Acetate of chromium (20° Tw.) 1 gallon. 

Steam Logwood Black, (Sansone.) 

Starch 6 pounds. 

Flour 6 " 

Acetic acid (6° Tw.) 2.6 gallons. 

Logwood extract (20° Tw.) 3.6 " 

Acetate of iron (16° Tw.) 8.6 " 

Olive oil 1.6 pounds. 

Of the other natural coloring matters there may be mentioned Cochineal^ 
applied with tin or alumina ; Sapan^ in the same manner, and QtiercUron 
Barky with alumina or chromium. (Jatechu, much used for brouma, may be 
applied with acetate of chromium or with logwood and fuchsine. 

The Mineral (Mora are to some extent made use of, their application 
depending upon the principle of double decomposition upon its fibre when 
subjected to steaming. The following examples will make the principle 
clear : Yellows are obtained by the deeomi)osition of nitrate of lead and a 
soluble chromate, tlie insoluble chromaie of lead ("chrome yellow") being 
formed. For Blues, both prnssiates of potash are used. Brown is obtained 
by means of chloride of manganese and bichromate of potash. 

2. Pigment Styles. — For liis style effects are produced by means of in- 
soluble color lakes and the mineral colors, which are fixed upon the cloth 
by steaming, the action of which coagulates the albumen with which the 
colors are invariably mixed for printing. The colors are generally supplied 
to the color-mixer in a dry condition, and include Ultramarine of various 

Dualities, Vermilion (sulphide of mercury), the Chromates of Lead and 
iariumj Cadmium Yellow (cadmium sulphide). Chrome Green (oxide of 
chromium), the Ochres, yellow and red, and Lamp-black. A familiar ex- 
ample of this style is seen in cheap flags and decorative muslins. 

3. Oxidation Colors. — The most important of this class is Aniline Blacky 
and will be briefly outlined as follows : Aniline oil is made into a paste 
with a chlorate (soda generally) and a metallic salt, with the proper amount 
of starch paste. This is printed upon the fabric, " aged" for forty-eight 
hours, or passed through a " steam ager," tlien passed through a warm bath of 
bichromate of potash, washed well, and finally worked through a soap-bath. 
The metallic salt mentioned acts as a carrier of oxygen, and for the purpose 
vanadate of ammonium, sulphide of copper, bichromate of potash, etc., are 
used. For the preparation 01 the color paste the following methods are given : 

1. Water 1 ^a^^^ii- 

Aniline salt 2 pounds. 

Aniline oil 2 ** 

Starch 2 ** 

Dextrine h pound. 

The paste is made first with th<* starcli and dcxtrlm', then the aniline is addwl. 

32 
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caustic alkali while it is still in that state, as tf it should become car* 
bonated through delay little reduction will take place. This method is 
employed in pnuting indigo upon 
alizarm-dyed goods and in otuer 
oombioations with resists, etc. 

The "Reduced Indigo Pro- 
oew" is based upon the fact that 
indigo, when finely ground and 
mixed with lime and thiosul- 
phate of soda in suitable thick- 
ening i^nts, 13 reduced ; if, with 
tbb reduced indigo paste, pat- 
terns are printed upon cotton 
fabrics, and then exposed to the 
air, the indigo is oxidized with a 
neeneratJon of the blue color. 
The pieces are then washed and 
dried. 

Instead of using indigo in 

? rioting, one of the newer colors, 
niTnedicr/ Blue, is now very extensively used aud printed with suitable 
mordants directly upon the goods. 

5. Dyed Alizarin. — ^This process differs from all those previously men- 
tioned in that the colors are produced by first printing upon the fabric the 
thickened mordants suited to alizarin, ageing, during which the mordants 
so printed are decomposed and more finuly fixed upon the cloth, dunging, 
an operation which removes the thickening no longer needed, followed by 
a washing, and then dyeing witli alizarin, and, finally, brightejting. The 
mordants used for Reds are generally made with acetate of alumina, tliick- 
ened with starch or flour, and dextrine, while by the addition of tin to such 
a mixture blue shades will be obtained. For Purples or Violets, acetate of 
iron is used diluted with paste, if used strong, blacks can be produced, 
Srowns are obtained with catechu and copper acetates. Mixtures of the 
acetates of iron and alumina yield varying shades of Chocolate. Follow- 
injt the printing operation, the fabric is allowed to dry, when it is aged by 
being caused to pass through the continuous steamer; here the acetates 
are decomposed, basic salts remaining fixt^ upon the cloth. Formerly 
the operation ivas conducted in large rooms, and often required a week 
to finish ; now long chambers provided with a aencs of rollers, and with 
requisite means for steam control, are used ; it must be remarked that colors 
obtained upon cloth rapidly aged do not compare in fastness witii those ob- 
tained upon cloth slowly aged. Dunging is merely a transmission of the 
aged cloth through solutions of phosphate, arseniate, or silicate of soda, 
these chemicals having displaced the somewhat offensive cow-dung in the 
operations of precipitating the mordant upon the fibre, and also to remove 
the thickening and excess of mordant, after which the cloth is well washed 
and then dj-ed. The dye-bath is made up with alizarin, alizarin oil, tannin, 
etc., In a similar manner to that described under Dyeing (p. 487), afler which 
the cloth washed, worked in alizarin oil, dried, and steamed, then washed 
and soaped. In case reds have been dyed, and it is desirable to reduce 
their tone, " cutting" is resorted to after the soaping, by means of a solution 
€£ stannic <^orid& 
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kaWaucM printnl U|Min the fabric which will prevent the Hx- 

itioo ofcolor at those places. Hint aivuf two kinds, chemiial and nieclianicHl ; 

' efurtDerarecamposalehitfflr of citric adtl, while die latter are made u|) of 

me inert stibstaoces, such aa pi}>e-cla_v, ll«s^vax, etc. Thus a resist (or 

I xeserTp-e) nf citrate of »!">da (lime-juice and soda lye) when applied to the 

I doth prevents the fixation of the oxides of in>n or alumina on the fibn^ 

I jUh) therefore when the cloth b afterwatds diiuged and dved in the alixarin 

lb U»e reser\-cd spots remain white, while the colors will be formed wIktp 

k akordaiit )iaa been fixed. In this way not only reds and pinks lati 

ed, but puqiW, chocolates, and blacks also. Dtecharge.i are 

1 printed upon goods the whole of which had been nmrdanteJ, 

pCfae object being to remove the mordant from places where whites are to 

I appear, <i>oset|UentIy when the piece is dyed only where the monlant i» 

rintact will the cloth be colorwl ; these discbarges are made princijially «irh 

I citric, tartaric, or acetic acid. This acid-containing distAarge having lf«i 

I printt^ on, the goods arc thm taken through a solulion of blearhing-puwdo' 

|(clil'>ridc of lime). The result is that wlien the acids have be*'n prinud 

DD chlorine gas b liberated, whicli destroys the d\'e-color, leaving in the 

fiimple^t ca.ses a white design u]ion u colorrd gronnd. 

' If. Tnrkrtf-rfd ^ifh». — This pro«t«5 is simply printing tiimn cloth whidi 

19 iireviiiusly been dyed Turkey -red (see p. 487) by means of di?<'liaigea, 

I wfaicn may or may not be made so as to yield colored patterns. The lose 

l:iB Htric or tartaric acid, thickened with a suitable paste, and if for colore, 

r containing a §alt of lead, if for a yellow discharge, or ferro-pru^iate of 

pot;i,-ih, fur a blue dps^-harge. or iron and lo^wo^jd, for a bl.nck di^iwr?^. 

After printing on the discharges, the goods are passed through a bath of 

bleaching-powder, well washed, and then, if l^d has been printed on, 

passed through a bath of bichromate of potash, when chrome yellow nill 

be produced. If the prussiate of potash has been piinted, a blue color 

will be developed. Green is obtain^ by mixing both discharges first 

7. Indigo Styles are similar to the above ; resists are printed on the 
cloth, which is then dyed in the \'at in the ordinary manner, when, nponi 
removal of the resist by suitable means, white patterns are had upon a bine 
ground. By the system of discharges various colors may be pnt on br 
means of lead and other metallic salts. Vermilion is applied directly with 
albumen. For a dischaige which has to be afterwaius dyed red »itii 
alimrin. bromide of manganese and an aluminum salt are used. 

8, Manganese Bronx Style, or BiMre Style. — This process has for its ob- 
ject the production of hydrated peroxide of manganese upon the fibre, ui 
the subsequent printing of colors by means of discharges. The goods «e 
^forked in a solution of manganous chloride, dried, and worked in soda \yi, 

nshed, and passed through a solution of chloride of lime until a brovn 
olor is produced. Wash, dry, and the goods are ready for printing. A 
dischaige for white is made wiUi muriate ol tin (120° Tw.); for blue,j"eliow 
prussiate of potash with an oi^anic acid ; for yellow, a lead salt, developed 
with bichromate of potash. Green and black as in Uie previous stvle. 

Woollen- and Silk-priiUiHg. — Wool, either as yam or fabric, is generally 
printed with the tar colors, and according to the steam style previously de- 
scribed. The goods are dried after printing, steamed for one hour, awl 
well washed. Silk is printed in the same style after being prepared t^ 
citable agents, such as tin with or without an acid. Previous to beiif 
*td both silk and wool must be entirely free from grease. 
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e following table from Rujmj's " Chemie der Natiirlichen Fftrbstoffe" 
schweig, 1900) ehowa the artiticial dve-col ore which have replaced 
iu practical use competing with the oatural dyeetuffs named : 



I BEBUCfl . 



, . , ..Chlora- 

mnKin-ifoufC.). ClrytoplumintfC.], 
Auramiae (U. 0.1, DIamiiie yeOmir 
IH.), fAnwlnKH' <H.J, Tiin/lai'int 
(G.). For priDUoB bIihib wltb log- 
wood It Ii imi used a> before, 
Ire Btlll much lued In cattoD-prlnt' 
liuE and In connc«Llon with Un 
nlB. FoTiUrectlirtDtiiiKcanipete: 
Auramtv. Thiojiavm T (C), tbe 



tn addition, i 



dtniinphtnlae (H.l, 

CTklDnmjiu vtHow (IL), Oriol (G.) 
ImpocMnt mn aln the yellow ul 
icyllc add azo oolon, auuh ai 



Umoat enUrclj' displaced by the lub- 
■(■□tlre yellow dyoi, aa with que> 
dtmn. InaddltlDn.^nHtfniBJG,). 
SMghaiyt fiut j/rllow (ti.), CraoUu 
IKUnw fo.]. alB<> l>y Alltarin y/ibmi 
andlUbomoloEUalH.). FVjrprltit- 
ection with logwood It 



given up. Fur belter Robdi li re- 
placed ity Aniline black. JHaminogeH 
black (C). for cheaner goodi by 
the dlnct dyelDK ana dlaiodiable 
blacki: DIib^k black (C). Oivdfa- 
m«K6taal(C,), CbtonHa lijaa (C). 
Dlnel dttp Naii (C). alio by mil 
"—^ ImmaUal Uati [O. H.). and 



Uoct /I 



lulpbated producK, 



tir cotton icarrely used now, being 
r*|)lBM!d by the aulacantlve cIjb- 
ingredg: Diamine fiul rtd F {C.). 
Omaombine (C.I, IHamian t/ordraja 
(C.j, Beanmirpariae (G. Hj, Dta- 
mivt red fH.), alio to liiehilv 
(G. H.). ir^Mlan jwrp/e (Q,). Sapa- 
minr. ia,). Paranitnuilllue rat (H.), 
Alaarinndl.a.}. 



1 it replaced by tl 



ChrT/tiiplifi 



■ not much lued now, tbe dif- 
ferent morduit coloring yellowg 
haWutt taken its place. In ad- 
dition. A'npAMal yritow 9 (H.), 
Jhnnaine, QiuiwIiik ydlovi (H.). 



Una (C). SaiMhiil ydiaw S 



replaced by JTdpiW 
flijrf ydlow (C.), Tirtr 
— " — "■', COroulite 



j/elUmlC.), 



IklHt m.i, /oMiriM 
(G.), JJiiurtB vd- 

Is BtJlI much uKd In vtool-dyelog, 

although strongly pushed by the 
dlHerent mocdanfrMlractliig yel- 
lows: AnlhmteaeyeiloiiiciC.a.), 
Chrome yellow (C, G.), XordanC uaf- 
lov (C. O,), Puatiig i/ellow (C,). 
Jm yelloui IU.). f\ul yeOoa (H.). 



: A'qpt 



With wooTthe CMC Is the j 
with eoWon. It is still i,.._ 
dyeing, but is loalng grouDd 
Idly. The subniluta are : Nt 
Uol and JVUnAUttlanlnf bbu± (C. 
O, H.}, £HltJaM Uict IC. O.), JNa- 
moful Mfu* (CO, B,), ITcioI Nool 
IC). .a«toHn Uaot [G. H.), jln- 
OnienK Uocfc (C. 0.1, Jta nrtil 
Mdft (H.), fVlronofn^ 
For gill:, atlU used eno 
and with no auljBtltulB. 

Also for wool and silk almost 
Urely rejjaced by Oath red i 
HW mfTC-l. Aeld fUeluiHe I. 
Frulrrdta.], Archil labtlltnlei 
n>«««HlH.). AjKiUo red <G.i, 
ttllliiia.);ia the tulltnglndu 
by AUtarin rtd (C. " ' "'- 



■rtlC). 



"1(0.). 



•Uscoffn (G.). f.'hrematnu 
PalaNne learlel <H, C.), 
cnidUB IB.), SriUiaiti eueaineai 
(C). and the dlffeient Poactam, 

Us procUcally been entirely dls- 
plaved for wool and silk liy the 
readily IvveUIng red add wool 
dyes: Acid /»eh»fne (C), Aiorar- 
nlne (C. O, H,). ArehU niMvU 
IC.O.H,). .WhtJMw (C. O. a.), 
LanufHflalne ([■-). AtnrtMiu (CI. 
Am arid ftehriite IH.). Anfad* 
Hie (OJ. jlpoUo nii (Q.), Cknmu- 
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APPENDIX. 



L The Metric System. 

The French metric system is based upon the idea of emplojrii]^, as the 
init of all measures, whether of length, capacity, or weight, a unitorm un- 
hangeable standard, adopted from nature, the multiples and subdivisions 
»f which should follow in decimal progression. To obtain such a standard, 
he length of one-fourth part of the terrestrial meridian, extending from 
he equator to the pole, was ascertained. The ten-milliontji part of this arc 
iras chosen as the unit of measures of length, and was denominated metre. 
The cube of the tenth part of the metre was taken as the unit of measures 
»f capacity, and denominated litre. The weight of distilled water, at its 
greatest density, which this cube is capable of containing, was called kUo- 
framm£y of which the thousandth part was adopted as the unit of weight, 
inder the nameof ^rami/i^. The multiples of these measures, proceeding in 
k decimal progression, are distinguished by employing the prefixes, deca^ 
\>ecto, kilo, and myria, taken from the Greek numerals; and the sub- 
[ivisions, following the same order, by deci, centi, milli, from the Latin 
lumerals. Since the introduction of this system it has been adopted by 
he principal nations of Europe, excepting Great Britain, and in many of 
hem its use is compulsory. It is in general use in France, Germany, Aus- 
ria, Italy, Spain, Norway, Sweden, Netherlands, Switzerland, Greece, and 
British India. It was l^alized in Great Britain in 1864, and in the United 
Hates by an act of Congress in 1866. 

The metrCf or unit of length, at 32*>, = 39.870482 inches. 

The litrej or unit of capacity, = 38.816 fluidounces. U, S, 

The fframmef or unit of weight, = 16.43284874 Troy grains. 

Upon this basis the following tables have been constructed : 



MEASURES OF LENGTH. 



English inches. 

If illimetre (mm.) ^ .03937 

^ntimetre (cm.) =r .39370 

decimetre (dm.) = 3.93704 

^letre (m.) = 89.37043 



English inches. 
Decametre (Dm.) = 393.70432 

Hectometre (Hm.) = 8937.04320 

Kilometre (Km.) = 89370.43200 

Myriametre (Mm.) = 8937O4.32OC0 
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mill* (mL) = 

tilitn! (d.) = 




.IK1038 ' DenlitrefOI.) 

.«1(»80 Hectotitre |H1.) 

e. 102800 , EiloUtnlEI.) 

61.008000 { MyiulitK (HL) 



.0154 DTCKCsmme (D?.} = 

I.M32 Kiloi^:niii.iiie(KK^ = 
15.4323 1 UniagnuBtne (Ug-) = 



\tA.tm 

IMS1S467 




n. Tables tor Detennmation of Temperatore. 



RELATIONS BETWEEN THERHOHETEBa 

Id FahraJwifa thermometer, the freeang-poiDt of water is placed it 
Zi^, and the boiling-poiat at 212^, and the number of intervening degrea 
is 180. 

The Centigrade or Obiiu^t thermometer, whidi is now recognized io 
the U. S. Pharmacopoeia and has been adopted generally by scientists, mtib 
the freezing- point zero, and the boiling-pomt 100°. 

From Uie above statement, it is evident that 180 dcsrees of Fabienbot 
ue equal to 100° of the Centigrade, or one d^ree of uie first is equal V> 
^ of a d^ree of the second. It is easy, therefore, to convert the d^Tcee of 
tHie into tne equivalent number of d^rees of the other ; bnt in ascertaining 
the corresponding points upon the diSerent Bcales, it is necessaiy to take into 
consideration their different modes of graduation. Thug, as the zero of 
Fahrenheit is 32" below the point at which that of the Centigrade is placfd, 
this number must be taken into accoimt in the calculation. 

1. If any d^ree on the Centigrade scale, either above or below zero, be 
multiplied by 1.8, the result will, in either case, be the number of degree 
above or below 32°, or the freezing-point of Fahrenheit. 

2. The number of degrees between any point of Fahrenhafa scaleand 
12", if divided by 1.8, will give the correspouding point on the Omtigrade. 



APPENDIX. 



507 



THERMOMETRIC EQUIVALENTS. 

ACCORDIVQ TO THB GkNTIORADB AND FaHRBNHBIT SCALES. 



O.o 


J.O 


O.o 


J.O 


O.o 


F.o 


O.o 


J.O 


O.o 


yo. 


—39.4 


39 


—17.2 


1 


5 


41 


27.2 


81 


49.4 


121 


—39 


—88.2 


—17 


1.4 


5.6 


42 


27.7 


82 


50 


122 


88.8 


—38 


—16.6 


2 


6 


42.8 


28 


82.4 


50.5 


123 


—38.3 


—37 


—16.1 


3 


6.1 


43 


28.8 


83 


51 


128.8 


-38 


—36.4 


—16 


8.2 


6.6 


44 


28.8 


84 


51.1 


124 


—37.7 


36 


—15.5 


4 


7 


44.6 


29 


84.2 


51.6 


125 


—87.2 


—35 


—15 


5 


7.2 


45 


29.4 


85 


52 


125.6 


—37 


—84.6 


—14.4 


6 


7.7 


46 


30 


86 


52.2 


126 


—36.6 


—84 


—14 


6.8 


8 


46.4 


80.5 


87 


62.7 


127 


—36.1 


38 


18.8 


7 


8.8 


47 


81. 


87.8 


53 


127.4 


—36 


-32.8 


—18.3 


8 


8.8 


48 


31.1 


88 


58.8 


128 


—35.6 


—32 


—18 


8.6 


9. 


48.2 


81.6 


89 


58.8 


129 


—35 


—31 


—12.7 


9 


9.4 


49 


32 


89.6 


54 


129.2 


—34.4 


-80 


—12.2 


10 


10 


50 


32.2 


90 


54.4 


180 


—84 


—29.2 


12 


10.4 


10.5 


61 


82.7 


91 


55 


131 


—33.8 


29 


—11.6 


11 


11 


51.8 


38 


91.4 


55.5 


182 


—33.3 


28 


—11.1 


12 


11.1 


52 


33.3 


92 


56 


182.8 


—33 


—27.4 


11 


12.2 


11.6 


58 


33.8 


93 


56.1 


188 


—32.7 


—27 


—10.5 


18 


12 


58.6 


84 


98.2 


56.6 


134 


—32,2 


26 


—10 


14 


12.2 


54 


34.4 


94 


57 


134.6 


—32 


26.6 


9.4 


15 


12.7 


55 


35 


95 


57.2 


135 


—31.6 


—25 


—9 


15.8 


13 


55.4 


36.5 


96 


57.7 


186 


—81.1 


—24 


—8.8 


16 


13.8 


56 


36 


96.8 


58 


186.4 


—31 


—28.8 


—8.3 


17 


18.8 


57 


86.1 


97 


58.8 


137 


—30.5 


—28 


—8 


17.6 


14 


57.2 


86.6 


98 


58.8 


188 


—30 


—22 


—7.7 


18 


14.4 


58 


87 


98.6 


59 


188.2 


—29.4 


—21 


—7.2 


19 


15 


59 


87.2 


99 


59.4 


189 


—29 


—20.2 


—7 


19.4 


15.5 


60 


87.7 


100 


60 


140 


—28.8 


20 


—6.6 


20 


16 


60.8 


38 


100.4 


60.5 


141 


—28.3 


19 


—6.1 


21 


16.1 


61 


38.3 


101 


61 


141.8 


—28 


18.4 


—6 


21.2 


16.6 


62 


38.8 


102 


61.1 


142 


—27.7 


—18 


—5.6 


22 


17 


62.6 


39 


102.2 


61.6 


148 


—27.2 


—17 


—5 


28 


17.2 


68 


89.4 


103 


62 


148.6 


—27 


—16.6 


—4.4 


24 


17.7 


64 


40 


104 


62.2 


144 


—26.6 


16 


— 4 


24.8 


18 


64.4 


40.5 


105 


62.7 


146 


—26.1 


—15 


—8.8 


25 


18.8 


65 


41 


105.8 


63 


145.4 


—26 


—14.8 


—8.8 


26 


18.8 


66 


41.1 


106 


63.3 


146 


—25.5 


14 


—3 


26.6 


19 


66.2 


41.6 


107 


63.8 


147 


—25 


—18 


2.7 


27 


19.4 


67 


42 


107.6 


64 


147.2 


—24.4 


—12 


—2.2 


28 


20 


68 


42.2 


108 


64.4 


148 


—24 


11.2 


—2 


28.4 


20.5 


69 


42.7 


109 


65 


149 


—28.8 


11 


—1.6 


29 


21 


69.8 


48 


109.4 


65.5 


150 


—23.3 


—10 


—1.1 


80 


21.1 


70 


48.8 


110 


66 


150.8 


—28 


—9.4 


1 


80.2 


21.6 


71 


43.8 


111 


66.1 


151 


—22.7 


—9 


—0.5 


81 


22 


71.6 


44 


111.2 


66.6 


152 


—22.2 


—8 





32 


22.2 


72 


44.4 


112 


67 


152.6 


—22 


—7.6 


0.5 


83 


22.7 


78 


45 


113 


67.2 


153 


—21.6 


—7 


1 


83.8 


28 


73.4 


45.5 


114 


67.7 


154 


—21.1 


—6 


1.1 


34 


28.3 


74 


46 


114.8 


68 


154.4 


21 


—5.8 


1.6 


85 


23.8 


75 


46.1 


115 


68.3 


155 


—20.5 


—5 


2 


85.6 


24 


75.2 


46.6 


116 


68.8 


156 


—20 


—4 


2.2 


86 


24.4 


76 


47 


116.6 


69 


156.2 


—19.4 


—8 


2.7 


37 


25 




i 47.2 


117 


69.4 


167 


—19 


—2.2 


8 


87.4 


25.5 


78 


47.7 


118 


■ 70 


158 


18.8 


2 


3.8 


88 


26 


78.8 


48 


118.4 


; 70.5 


159 


—18.3 


— 1 


8.8 


89 


26.1 


79 


48.3 


119 


i 71 


169.8 


—18 


—0.4 


4. 


39.2 


26.6 


80 


48.8 


120 


i 71.1 


160 


—17.7 





4.4 


40 


27 


80.6 


49 


120.2 


71.6 


161 
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Thermometric Equivalents, — Continued. 



O.o 


F.o 


O.o 


J.O 


o.« 


F.o 


o.« 


F.o 


O.o 


F.o 


189 


372.2 


211.6 


413 


233.8 


453 


256.1 


493 


278.3 


533 


189.4 


378 


212 


413.6 


234 


453.2 


256.6 


494 


278.8 


534 


190 


874 


212.2 


414 


234.4 


454 


257 


494.6 


279 


534.2 


190.5 


375 


212.7 


415 


235 


455 


257.2 


495 


279.4 


635 


191 


375.8 


213 


415.4 


235.5 


456 


257.7 


496 


280 


536 


191.1 


876 


213.3 


416 


236 


456.8 


258 


496.4 


280.6 


537 


191.6 


377 


213.8 


417 


236.1 


457 


258.3 


497 


281 


537.8 


192 


377.6 


214 


417.2 


236.6 


458 


258.8 


498 


281.1 


538 


192.2 


378 


214.4 


418 


237 


458.6 


259 


498.2 


281.6 


539 


192.7 


379 


215 


419 


237.2 


459 


259 4 


499 


282 


539.6 


193 


379.4 


215.5 


420 


287.7 


460 


260 


500 


282.2 


540 


193.3 


380 


216 


420.8 


238 


460.4 


260.5 


501 


282.7 


541 


193.8 


381 


216.1 


421 


238.3 


461 


261 


501.8 


283 


541.4 


194 


381.2 


216.6 


422 


238.8 


462 


261.1 


502 


283.3 


542 


194.4 


382 


217 


4226 


239 


462.2 


261.6 


503 


283.8 


543 


195 


383 


217.2 


423 


239.4 


463 


262 


503.6 


284 


548 2 


195.5 


384 


217.7 


424 


240 


464 


262.2 


504 


284.4 


544 


196 


384.8 


218 


424.4 


240.5 


465 


262.7 


505 


285 


545 


196 1 


385 


218.3 


425 


241 


465.8 


263 


505.4 


285.5 


546 


196.6 


386 


218.8 


426 


241.1 


466 


263.3 


506 


286 


546.8 


197 


386.6 


219 


426.2 


241.6 


467 


263.8 


507 


286.1 


547 


197.2 


387 


219.4 


427 


242 


467.6 


264 


507.2 


286.6 


548 


197.7 


388 


220 


428 


242.2 


468 


264.4 


508 


287 


548.6 


198 


388.4 


220.5 


429 


242.7 


469 


265 


509 


287.2 


549 


198.3 


389 


221 


429.8 


243 


469.4 


265.5 


510 


287.7 


550 


198.8 


390 


221.1 


430 


243.3 


470 


266 


510.8 


288 


550.4 


199 


390.2 


221.6 


431 


243.8 


471 


266.1 


511 


288.3 


551 


199.4 


391 


222 


431.6 


244 


471.2 


266.6 


612 


288.8 


652 


200 


392 


222.2 


432 


244 4 


472 


267 


512.6 


289 


552.2 


200.5 


393 


222.7 


433 


245 


473 


267.2 


513 


289.4 


553 


201 


393.8 


223 


433.4 


245.5 


474 


267.7 


514 


290 


554 


201.1 


394 


223.3 


484 


246 


474.8 


268 


614.4 


290.5 


555 


201.6 


395 


223.8 


435 


246.1 


475 


268.3 


615 


291 


555.a 


202 


395.6 


224 


435.2 


246.6 


476 


268.8 


516 


291.1 


556 


202.2 


396 


224.4 


436 


247 


476.6 


269 


616.2 


291.6 


557 


202.7 


397 


225 


437 


247.2 


477 


269.4 


517 


292 


657.6 


203 


397.4 


225.5 


438 


247.7 


478 


270 


518 


292.2 


558 


203.3 


398 


226 


438.8 


248 


478.4 


270.5 


619 


292.7 


559 


203.8 


399 


226.1 


430 


248.3 


479 


271 


619.8 


293 


659.4 


204 


399.2 


226.6 


440 


248.8 


480 


271.1 


520 


293.3 


560 


204.4 


400 


227 


440.6 


249 


480.2 


271.6 


521 


293.8 


561 


205 


401 


227.2 


441 


249.4 


481 


272 


521.6 


294 


661.2 


205.5 


402 


227.7 


442 


250 


482 


272.2 


622 


294.4 


662 


206 


402.8 


228 


442.4 


250.5 


483 


272.7 


523 


295 


663 


206.1 


403 


228.3 


443 


251 


483.8 


273 


523.4 


295.5 


564 


206.6 


404 


228.8 


444 


251.1 


484 


273.3 


624 


296 


564.8 


207 


404.6 


229 


444.2 


251.6 


485 


273.8 


525 


296.1 


665 


207.2 


405 


229.4 


445 


252 


485.6 


274 


525.2 


296.6 


666 


207.7 


406 


230 


446 


252.2 


486 


274.4 


626 


297 


566.6 


208 


406.4 


230.5 


447 


252.7 


487 


275 


627 


297.2 


567 


208.3 


407 


231 


447.8 


253 


487.4 


275.5 


528 


297.7 


568 


208.8 


408 


231.1 


448 


253.3 


488 


276 


628.8 


298 


568.4 


209 


408.2 


231.6 


449 


263.8 


489 


276.1 


629 


298.3 


569 


209.4 


409 


232 


449.6 


254 


489.2 


276.6 


530 


298.8 


570 


210 


410 


232.2 


450 


254.4 


490 


277 


530.6 


299 


570.2 


210.5 


411 


232.7 


451 


256 


491 


277.2 


531 


299.4 


671 


211 


411.8 


233 


451.4 


255.5 


492 


277.7 


532 


300 


572 


211.1 


412 


238.3 


452 


256 


492.8 

1 


278 


532.4 
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2. BaunU and BecKs Scales for lAquida HeoAner than Water. 



1 




Rational 




i 




Rational 




Bailing, 


Baum6 


Beck, 


g 


Baum6. 


Baum6 


Beck, 


17.6«C. 


scale. 


12.60 C. 


w 


17.SOC. 


scale. 


12.5° C. 


a 




12.5° C. 




a 




12.5° C. 







1.8080 


Sp.gr. 
1.0000 


8p.gr. 
1.0000 


87 


8p.gr. 
1.8370 


8p.gr. 
1.3447 


8p. gr. 
1.2782 


1 


1.0068 


1.0069 


1.0069 


38 


1.3494 


1.3674 
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What is knoAvn as the " Rational" Baum6 scale is calculated by taking 

Hrater at the temperature chosen at 0° B. and sulphuric aci.d of 1.842 

144 3 
specific gravity at 66° B. and using the formula rrri: o=^- (See 

Lunge's " Sulphuric Acid and Alkali," vol. i. p. 20.) 



& f^aia^aSBakfarLipi^mamrlkim IRrfo-. 




The uDirorra division of the Twaddle scale makes the d^recs vay 
easily convertible into specific gravity readings. It is only neceseaiyto 
multiply the degree as read off by five and add this to 1.000 in order to 
obtain the specific gravity. 

Again, as the gallon of distilled water at ordinary temperatures wads 
ten pounds avoirdupois, it is possible to determine the weight of a galloD 
of an acid or lye by the aid of the Twaddle scale. Thus, if an acid shorn 
50° Twaddle, corresponding to the specific gravity 1.250, it weighs tffdv* 
and a half jwunds per gallons. Or, as a litre of distilled water weighs o» 
thousand grammes, a litre of a liquid showing 20° Twaddle will veigb 
eleven hundred grammes. 
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Comparison of the Twaddle Scale with the Rational Baum4 Scale. 



• 


• 


• 


a 


if 


• 


<J 


il 


• 


a 


m 


9 


1^ 

CO 


a 

44 


9 

& 


1^ 

00 


el 
H 

88 


44.1 


1^ 

CO 




9 
& 


II 

CO 





1.000 


26.0 


1.220 


1.440 


131 


57.1 


1.655 


07 


1.005 


45 


26 4 


1.225 


89 


444 ! 


1.445 


182 


57.4 


1.660 


1.4 


1.010 


46 


26.9 


1.230 


90 


44.8 


1.450 


183 


57.7 


1.66.) 


2.1 


1.015 


47 


27.4 


1.285 


91 


45.1 


1.455 


184 


67.9 


1.670 


2.7 


1.020 


48 


27.9 


1.240 


92 


45.4 


1.460 


135 


68.2 


1.675 


3.4 


1.025 


49 


28.4 


1.245 


93 


45.8 


1.465 


136 


68.4 


1.680 


4.1 


1.030 


50 


28.8 


1.260 


94 


46.1 


1.470 


187 


68.7 


1.685 


4.7, 


1.085 


51 


29.8 


1.265 


95 


46.4 


1.475 


138 


68.9 


1.690 


5.4; 


1.040 


52 


29.7 


1.260 


96 


46.8 


1.480 


139 


69.2 


1.695 


6.0 i 


1.045 


53 


80.2 


1.265 


97 


47.1 


1.485 


140 


69.5 


1.700 


G.7 


1.0.50 


54 


80.6 


1.270 


98 


47.4 


1.490 


141 


69.7 


1.706 


7.4 


1.055 


55 


81.1 


1.275 


99 


47.8 


1.495 


142 


60.0 


1.710 


8.0 


1.060 


5f5 


31.5 


1.280 


100 


48.1 


1.600 


148 


60.2 


1.716 


8.7 


1.065 


57 


32.0 


1.285 


101 


48.4 


1.506 


144 


60.4 


1.720 


9.4 


1.070 


58 


82.4 


1.290 


102 


48.7 


1.510 


145 


60 6 


1.726 


10.0 


1.075 


59 


82.8 


1.295 


103 


49.0 


1.516 


146 


609 


1.730 


10.6 


1.080 


60 


33.8 


1.300 


104 


49.4 


1.620 


147 


61.1 


1.78.'> 


11.2 


1.085 


61 


33.7 


1.305 


105 


49.7 


1.625 


148 


61.4 


1.740 


1 11.9 


1.090 


62 


34.2 


1.810 


106 


50.0 


1.680 


149 


61.6 


1.745 


: 12.4 


1.095 


63 


34.6 


1.815 


107 


50.3 


1.636 


160 


61 8 


1.750 


13.0 


1.100 


64 


35.0 


1..320 


108 


60.6 


1.540 


161 


62.1 


1 755 


18.6 


1.105 


65 


85.4 


1.825 


109 


60.9 


1.545 


162 


62.3 


1.760 


14.2 


1.110 


66 


85.8 


1.830 


110 


61.2 


1.550 


153 


62.5 


1.765 


14.0 


1.115 


67 


86.2 


1.335 


111 


61.5 


1.555 


154 


62.8 


1.770 


' 15.4 


1.120 


68 


86.6 


1.340 


112 


51.8 


1.560 


165 


63.0 


1.776 


■ l^^.O 


1.125 


69 


37.0 


1.845 


118 


52.1 


1.565 


156 


63.2 


1.780 


16.5 


1.130 


70 


37.4 


1850 


114 


52.4 


1.670 


157 


68.6 


1.786 


17.1 


1.135 


71 


87.8 


1.355 


116 


52.7 


1.675 


168 


68.7 


1.790 


. 17.7 


1.140 


72 


38.2 


1.360 


116 


53.0 


1.580 


169 


64.0 


1.796 


18.3 


1.145 


73 


88.6 


1.365 


117' 53.3 


1.585 


160 


64.2 


1.800 


j 18.8 


1.150 


74 


89.0 


1.370 


118 


53.6 


1.590 


161 


64.4 


1.805 


1&.8 


1.156 


75 


39.4 


1.375 


119 


53.9 


1.695 


162 


64.6 


1.810 


19.8 


1.160 


76 


39.8 


1.380 


120 


54.1 


1.600 


163 


64.8 


1.815 


20.3 


1.165 


77 


40.1 


1.385 


121 


54.4 


1.605 


164 


65.0 


1.820 


20.9 


1.170 


78 


40.5 


1.390 


122 


54.7 


1.610 


165 


65.2 


1.825 


21.4 


1.175 


79 


40.8 


1.395 


123 


65.0 


1.615 


166 


66.5 


1.830 


22.0 


1.180 


80 


41.2 


1.400 


124 


65.2 


1.620 


167 


65.7 


1.835 


22.5 


1.185 


81 


41.6 


1.405 


125 


65.5 


1.625 


168 


65.9 


1.840 


23.0 


1.190 


82 


42.0 


1.410 


126 


56.8 


1.630 


169 


66.1 


1.84') 


23.5 


1.195 


88 


42.8 


1.415 


127 


56.0 


1.686 


! 170 


66.3 


1.850 


24.0 


1.200 


84 


42.7 


1.420 


128 


56.3 


1.640 


171 


66.6 


1.855 


24.5 


1.205 


85 


43.1 


1.425 


129 


66.6 


1.646 


172 


66.7 


1.860 


25.0 


1.210 


86 


48.4 


1.430 


180 


66.9 


1.650 


173 


67.0 


1.866 


25.5 


1.215 


87 


48.8 


1.435 


1 




1 

1 

1 






J 
1 



83 



APPENDIX. 



515 



Comparison between Specific Gravity Figures^ Degree BaumS and Degree 

Brix (as used for sugar solutions). 
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9.77 


22.3 


1.09307 


12.57 


27.3 


1.11682 1 16.15 






17.4 


1.07177 


9.83 1 


224 


1.09412 


12.63 


27.4 


1.11729. 15.41, 






17.5 


1.07221 


9.S9 1 


22.6 


1.09468 


12-68 


27.5 


1.11776 16.46 1 






17.6 - 


1 07265 


9.94 


22.6 


1.08503 


12,74 


27.6 


1.11824, 16.S2 






17.7 


1.07309 


10.00 


22.7 


109549 


12.80 


27.7 


1.11871 1 16.581 






17 8 


1.07868 


10.06 


228 


1,09596 


12-85 


27.8 


1.11918 


166J 






17.9 


1.07397 


10.11 


229 


1.09640 


12,91 


27.9 


1.11B65 


15.S9 






ie.0 


1,07441 


10,17 


28,0 


1,09686 


12.96 


28.0 


1.12013 


16.74 






18.1 


1.07485 


10.22 1 


23.1 


1,09732 


13.02 


28.1 


1.12060 


16.80 






18.2 


1.07530 


10.28 / 


28,2 


1,09777 


13,07 


28.2 


1.12107 


15.85 






18.8 


1,07574 ; 10,83 | 


23.8 


1.09B28 


13,13 


28.3 


M2155 


1S.91 






18,4 


1.07618 


10.89 1 


23 4 


1,09*19 


18,18 


28.4 


1.12202 


1S-96 






18.5 


1 07R6a 


10-46 


28.5 


1,09916 


13,24 


28.6 


1.12250 


ie,03 






18.6 


1.07706 


10-50 


23.S 


1.09961 


13.80 


28.6 


1.12297 


1B.(I7 






1S.7 


1,07751 


10.66 


28.7 


1.10007 


13.35 


28.7 


1.12346 


mi 






1S.S 


1.07795 


10.62 


23.8 


1.10063 


18.41 


28.8 


1.12333 


16.1i 






ie.B 


1,07839 


10,67 


23.9 


1.10099 


13.46 


28.9 


1.12440 


16.24 






19.0 


1,07884 


1073 


24.0 


1,10145 


18,52 


28.0 


1.12488 


ISJO 






19.1 


1.079S8 


1078 


24,1 


I.IOISI 


13.68 


29.1 


1.12686 


ItK 






19.2 


1,07978 


10.84 


24.2 


1,10237 


13,63 


29.2 


1.12683 


16.41 






19.3 


1.08017 


10.90 ' 


24.3 


1,10283 


13,69 


29.3 


1.12681 ( lfl.4«t 






19-4 


l,080e2 


10.96 


24,4 


1.10329 


13,74 


29.4 


1.12679 I«,S2 






19.5 


1,0810« 


11.01 


24.5 


1,10375 


18,80 


29.5 


1.12727 


i6.,i: 






19.tl 


1.08151 


11.06 


24,6 


1.10421 


18,86 


29.0 


1,12776 


16,«J 






19.7 


1 08186 


11.12 


24,7 


1,10468 


18.91 


29.7 


1.12823 


16.68 






10.8 


1,08240 


11.18 , 


24.8 


1,10514 


13.96 


29.8 


1.12871 


16,74 






19,9 


1.0^286 


11,27 


24.9 


1,10660 


14.02 


29.9 


1.12919 


l&n 
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Comparison between Specific Gravity Figures^ Degree Baumi and Degree 

Brix, — Continued. 



percentage 
>f su^ar ac- 
cording to 
Balling or 
legree Brix. 



30.0 
30.1 
30.2 
80.3 
30.4 
30.6 
30.6 
30.7 
30.8 
30.9 



31.0 
31.1 
31.2 
31.3 
31.4 
81.5 
31.6 
31.7 
31.8 
31.9 



32.0 
32.1 
82.2 
32.3 
82.4 
82.5 
82.6 
82.7 
82.8 
82.9 



88.0 
33.1 
83.2 
83.3 
88.4 
88.5 
88.6 
38.7 
83.8 
83.9 



84.0 
84.1 
34.2 
84.3 
34.4 
84.5 
84.6 
84.7 
84.8 
34.9 



Specific 
gravity. 



1.12967 
1.18015 
1.18063 
1.18111 
1.13159 
1.13207 
1.13255 
1.18304 
1.13352 
1.13400 



1.13449 I 

1.18497 

1.13545 

1.18594 

1.18642 

1.13691 

1.18740 

1.13788 

1.13837 

1.13885 



1.13984 
1.18983 
1.14032 
1.14081 
1.14129 
1.14178 
1.14227 
1.14276 
1.14325 
1.14374 



1.14423 
1.14472 
1.14521 
1.14570 
1.14620 
1.14669 
1.14718 
1.14767 
1.14817 
1.14866 



1.14915 
1.14965 
1.15014 
1.15064 
1.15113 
1.15163 
1.16213 
1.15262 
1.15312 
1.15362 



16.85 
16.90 
16.96 
17.01 
17.U7 
17.12 
17.18 
17.23 
17.29 
17.35 



17.40 
17.46 
17.51 
17.57 
17.62 
17.68 
17.78 
17.79 
17.84 
17.90 



17.95 
18.01 
18.06 
18.12 
18.17 
18.23 
18.28 
18.34 
18.39 
18.45 



18.50 
18.56 
18.61 
18.67 
18.72 
18.78 
18.83 
18.89 
18.94 
19.00 



19.05 
19.11 
19.16 
19.22 
19.27 
19.33 
19.38 
19.44 
19.49 
19.55 



Percentage 
of sn^r ac- 
cording to 
BallinK or 
degree Brix. 



35.0 
35.1 
86.2 
35.3 
35.4 
85.5 
35.6 
35.7 
85.8 
85.9 



36.0 
36.1 
36.2 
36.3 
36.4 
36.5 
86.6 
36.7 
36.8 
86.9 



87.0 
87.1 
37.2 
37.3 
37.4 
37.5 
87.6 
37.7 
37.8 
87.9 



38.0 
38.1 
88.2 
38.3 
38.4 
38.6 
38.6 
38.7 
38.8 
38.9 



39.0 
39.1 
89.2 
39.3 
39.4 
39.5 
89.6 
89.7 
39.8 
89.9 





<i 


Specific 
gravity. 


Degree 


1.15411 


19.60 


1.15461 


19.66 


1.15511 


19.71 


1.15561 


19.76 


1.15611 


19.82 


1.15661 


19.87 


1.15710 


19.98 


1.15760 


19.98 


1.15810 


20.04 


1.15861 


20.09 


1.15911 


20.15 


1.15961 


20.20 


1.16011 


20.26 


1.16061 


20.81 


1.16111 


20.37 


1.16162 


20.42 


1.16212 


20.48 


1.16262 


20.53 


1.16313 


20.59 


1.16363 


20.64 


1.16413 


20.70 


1.16464 


20.75 


1.16514 


20.80 


1.16565 


20.86 


1.16616 


20.91 


1.16666 


20.97 


1.16717 


21.02 


1.16768 


21.08 


1.16818 


21.13 


1.16869 


21.19 


1.16920 


21.24 


1.16971 


21.30 


1.17022 


21.85 


1.17072 


21.40 


1.17122 


21.46 


1.17174 


21.51 


1.17225 


21.57 


1.17276 


21.62 


1.17327 


21.68 


1.17379 


21.73 


1.17430 


21.79 


1.17481 


21.84 


1.17532 


21.90 


1.17583 


21.95 


1.17635 


22.00 


1.17680 


22.06 


1.17737 


22.11 


1.17789 


22.17 


1.17840 


22.22 


1.17892 


22.28 



Percentage 
of sugar ac- 
cording to 
BalliuK or 
degree Brix. 



40.0 
40.1 
40.2 
40.8 
40.4 
40.5 
40.6 
40.7 
40.8 
40.9 



41.0 
41.1 
41.2 
41.3 
41.4 
41.5 
41.6 
41.7 
41.8 
41.9 



42.0 
42.1 
42.2 
42.3 
42.4 
42.6 
42.6 
42.7 
42.8 
42.9 

43.0 
43.1 
43.2 
48.3 
43.4 
43.5 
48.6 
43.7 
43.8 
43.9 



44.0 
44.1 
44.2 
44.3 
44.4 
44.5 
44.6 
44.7 
44.8 
44.9 



Specific 
gravity. 



1.17948 
1.17995 
1.18046 
1.18098 
1.18150 
1.18201 
1.18253 
1.18805 
1.18357 
1.18408 



1.18460 
1.18512 
1.18564 
1.18616 
1.18668 
1.18720 
1.18772 
1.18824 
1.18887 
1.18929 



1.18081 
1.19033 
1.19086 
1.19138 
1.19190 
1.19243 
1.19295 
1.19348 
1.19400 
1.19453 



1.19506 
1.19558 
1.19611 
1.19663 
1.19716 
1.19769 
1.19822 
1.19875 
1.19927 
1.19980 



1.20033 
1.20086 
1.20139 
1.20192 
1.20245 
1.20299 
1.20352 
1.20405 
1.20458 
1.20512 



I 



I 



22.33 
22.38 
22.44 
22.49 
22.55 
22.60 
22.66 
22.71 
22.77 
22.82 



22.87 
22.93 
22.98 
23.04 
23.09 
23.15 
23.20 
23.25 
23.31 
23.86 



23.42 
23.47 
23.52 
23.58 
23.63 
23.69 
28.74 
23.79 
23.85 
23.90 



23.96 
24.01 
24.07 
24.12 
24.17 
24.23 
24.28 
24.34 
24.39 
24.44 



24.50 
24.65 
24.61 
24.66 
24.71 
24.77 
24.82 
24.88 
24.93 
24.98 



Otmpanson between 



ipecific 0-mvily Figureg, Degree Baami and Degree 
Brix. — t'ontiuiied. 



Pefocntwie 




•a 


Per«>nt«ge 






Percenlage 




■i 


Bulling or 
flcgree Brill. 


Specific 
g«vily. 


t 




Spcoiflc 


l_ 


of ilisor K- 
deurfB^rix 


Sperlflo 
gravlly- 


■i 




S^ 








60.0 


1.2S969 


32.9B 


66 


3 98 


35.67 


70 


1.35088 


38.12 


60.1 


1.2B048 


83.04 


661 


S-OoO 


35.63 


70.1 


1.35155 38.18 


60. -2 


1.2S1107 


33.09 


66 2 


1 


35-68 


70.2 


1.35214 38.23 


60.3 


1.29166 


33.14 


65 3 


32 


35.78 


70.3 


1.35277 38.28 


60.1 


1.29^25 


83.20 


66 4 


233 


35.78 


70.4 


1.85340 38.33 


60.5 


1.29284 


33.25 


66 5 


3 i i 


35-83 


70.5 


1.35403 ' 38.88 


60.i; 


1.29843 


83-80 


66 6 


3 35 


35.88 


70.0 


1.36466 


38.43 


60.7 


1.29403 


33.35 


6o7 


3 4 


35-93 


70.7 


1.35530 


38.48 


0O.8 


1.294(12 


33.40 


66 8 


3 4 8 


35.98 


70.8 


1.35598 


38.53 


60.9 


1.29621 


83.46 


05 9 


3 o39 


36-04 


70.9 


1.35U66 


38.58 


61.0 


1.29581 


83.51 


66 


13 001 


36-09 


71.0 


1.86730 


38.03 


61.1 


1.29Q46 


33.56 


60 


132 6 


36.14 


71.1 


1.35788 


38.68 


61.2 


1.29700 


83.61 


66 2 


18 24 


86.19 


71.2 


1-35847 


38.73 


61.3 


1.29769 


33.(16 


66 3 


13 8 


36,24 


71.8 


1.35910 


88.78 


61.4 


1.29819 


33.71 


60 4 


1 12847 


311.29 


71.4 


1-35974 


38.83 


61.5 


1.29878 


83.77 


66 5 


13 101 


86.34 


71.6 


1.30037 


38.88 


61.6 


1.29088 


33.82 


61.6 


13 9 


36-39 


71.6 


I.3G101 


38.93 


61.7 


1.29998 


33.87 


60 7 


3303 


36.45 


71.7 


1.30164 


38.98 


61.8 


1.30067 


83.92 


66 8 


3^093 


36.50 


71.8 


1.30328 


39.03 


61.9 


1.30117 


33.97 


60 9 


133 u 


36.56 


71.9 


1.86292 


89.08 


82.0 


1.80177 


34.03 


67 


133 7 


36.60 


72,0 


1.86355 


39.13 


62.1 


1.30237 


84.08 


67 


133 8 


36.65 


72.1 


1.30419 


39.19 


B2.2 


1.30237 


34.13 


6 2 


If 340 


36.70 


72-3 


1.86483 


39.24 


62.3 


1.30356 


34.18 


G 3 


1 35402 


36.75 


72-3 


1.30.-)47 


89.29 


62.4 


1.80416 


34.23 


6 4 


1334 4 


36.80 


72.4 


1.30611 


39.34 


62.6 


i.soira 


84.28 


67 5 


13852 


36.85 


72.5 


1.80675 


39.39 


62.6 


1.30038 


34.84 


67 6 


1 >HB 


30,90 


72 6 


1.86739 


39.44 


62.7 


1.80391) 


34.89 


6 7 


133 A. 


36.90 


72.7 


1.36803 


39.49 


02.6 


1.30U57 


34.44 


67 8 


1 33 


37.01 


72.8 


1.S6867 


39.54 


62.9 


l.aOT17 


34.49 


67 9 


133 4 


37.06 


72.9 


1.36931 


39.59 


68.0 


1.30777 


34.54 


68 


13383 


37.11 


73.0 


1.30996 


39.04 


68.1 


1.30337 


34.69 


68 


1 338 


37.10 


73.1 


1.87059 


89.09 


63.2 


1.80897 


S4.«5 


68 2 


1 33 


37.21 


73.2 


1.37124 


39.74 


63.3 


1.30958 


34.70 


68 3 


1 340-3 


37.20 


73.3 


1,87188 


89.79 


63.4 


1.31018 


34.75 


68.4 


l..)408. 


37.31 


73.4 


1.37252 


39-84 


63.5 


1.31078 


34.80 


68.5 


1.341-18 


37.;t6 


73.5 


1,37317 


39.89 


63.6 


1.81139 


34.85 


68.6 


1.3421(1 


37.41 


73.0 


1.37:581 


89-94 


(■8.7 


1.31199 


34.90 


68.7 


1,3427:1 


37.47 


73.7 


1.37446 


39.99 


G3.8 


1.31260 


34.90 


68.8 


1.34:135 


37.52 


73.8 


1.37610 


40.04 


63.0 


1.31320 


86.01 


68.9 


1.84398 


87.57 


78.9 


1.3T676 


40.09 


64.0 


1.31381 


35.00 


eo.o 


1.84460 


37.62 


74,0 


1.87039 


40.14 


64.1 


1.31442 


35.11 


69.1 


1.31523 


37.67 


74.1 


1.37704 


40,1!' 


64.2 


1.31502 


85.16 


69.2 


1.34525 


37.72 


74.2 


1.3T7I18 


40.21 


64.3 


1. -SI 563 


35.21 


69.3 


1.341148 


37.77 


74,3 


1.37833 


40-2'J 


64.4 


1.3i(!24 


35.27 


69.4 


1.34711 


37.82 


74.4 


1.87898 


40.34 


64.5 


1.31(184 


35.32 


69.5 


1.34774 


:17.H7 


74.5 


1.379(i2 


40-39 


G4.6 


1.31745 


35.37 


69-0 


1.348:S0 




74.6 


1.88027 '10.44 


64.7 


1.318011 


35-42 


69.7 


1.34899 




74.7 


1.88092 40.19 


64.8 


1.31867 


35.47 


09-8 


1.34902 


38.02 


74.8 


1.88157 4(1-54 


64.9 


1.31928 


35.52 


69-9 


1.36025 


38.07 


74.9 


1.38222 40.59 



n Spcdjie Giavlti/ Figareg, Degree BaunU and Degrte ' 
Brix. — Conti n ued , 



t" 




^ 






* 


PerreutaBC 




* 


Sis; 


gpMifle 

gr»vitf. 


|| 




Epeclflo 


1 




SpHlflC 
gravllj. 


|| 




H" 


desmBrii. 




1 




^ 


71.0 


1.3»287 


40.(t4 


80,0 


1.41586 


43.11 


85.0 


1 
1.44986 46-54 i 


75.1 


1.WM52 


«).m 


80.1 


1.4IU5S 


43.61 


86-1 


1.46055 V-.M 1 


75.2 


1.3IM17 


40-74 


80.2 


1.41720 


43.21 


85.2 


1.45124 i ih.lA 


7S.S 


l.»8482 


40.79 


80.3 


1.41 T87 


48.28 


85.3 


1.45193 i 45.tiS 


7B.4 


\.&nm 


40.84 


80.4 


1.41864 


43.31 


86.4 


1,46262 , 4574 


76.S 


1.88012 


40.89 


80.6 


1.41921 


43.86 


86.6 


1.45331 1 4&.7H 


7fi.B 


1,38«77 


40,94 


80.6 


1. 41 989 


48.41 


85,6 


1.45401 1 45.83 


76.7 


l.i!ft743 


40-9U 


80.7 


1. 420611 


43,45 


86.7 


1.45470 1 45.88 


76.8 


1.38WW 


41.04 


8(1.8 


1.42123 


43.60 


85.8 


1,46589 


4S.M 


76.9 


1.88873 


41.09 


eo.9 


1.42190 


48.06 


65.9 


1.16609 


16.98 


78.0 


1.38939 


41.14 


61.0 


1,42268 


43.60 


86.0 


1.45678 


16.02 


7G.1 


I.SIMMM 


41.19 


81.1 


1.42825 


43.6^ 


86.1 


1-45748 


4«.o: 


70.2 


1.89070 


41.24 


B1.2 


1.42393 


43.70 


86.2 


1.46817 


4513 


;it.3 


1.39185 


41.39 


81.8 


1.42460 


43.75 


86,8 


1.45887 


46.17 


Tll.4 


1.39201 


41.33 


81.4 


1,12628 


43.80 


86.4 


1.46966 


tfl.22 


70.8 


1. 89266 


41.36 


81.5 


1.42696 


43.86 


86.5 


1.4G036 


46.26 


78.« 


1.39332 


41.43 


8i.e 


1.42068 


43.89 


86-6 


I.4>UHl6 


46.31 


76.7 


I.393U7 


41.48 


81.7 


1.42731 


43.94 


86.7 


1.46165 


46.36 


70.8 


1.39463 


41.M 


81.8 


t.42;<)H 


43.99 


86.8 


1.46235 


46.41 


76.a 


1.S9&29 


41.68 


81.9 


1.42800 


44.04 


86.9 


1.46304 


46.44 


77.0 


1. 39695 


41.63 


82.0 


1.42934 


44.09 


87.0 


1.46874 


1 
46.W 


77.1 


1.39060 


4I.U8 


82.1 


1.43002 


44.U 


87.1 


1.46444 


46.SS 


77.2 


1.30726 


41.73 


82.2 


1.43070 


44.19 


87.2 


1.46614 


46.(10 


77.8 


1.30792 


41.78 


82.3 


1.431.37 


44.24 


87-8 


1.46584 


46.66 


77.4 


1.39868 


41.83 


82.4 


1.43205 


44-28 


87.4 


1.46654 1 46.69 ' 


77.5 


1.39924 


41.88 


82.6 


1.43278 


44.83 


87.5 


1.46724 ' 46.74 1 


77.6 


1.8991W 


41.08 


82.6 


1.48341 


44.88 


87.6 


1.46794 1 4fi.7B 


77.7 


1.40056 


41.98 


82.7 


1.48409 


44.43 


87-7 


1.40664 1 46.84 


77.S 


1.40122 


42-08 


82.8 


1.43478 


44.48 


87.8 


1,46934 46.88 


77.3 


1.40188 


42.08 


82.9 


1.4364U 


44.63 


87.9 


1.47004 46.93 


78,0 


1.40254 


42.13 


8S.0 


1.48614 


44.68 


88.0 


1.47074 46.98 


78.1 


1.40321 


42.18 


83.1 


1.43882 


44.62 


88.1 


1-47146 4T.M 


78.2 


1.40387 


42-28 


83-2 


1-43750 


44,07 


88.2 


1.472161 47.09 


78.S 


1.40463 


42.28 


88.3 


1.48819 


44.72 


88.3 


1.47286 1 47.1J 


78.4 


1.40520 


42.32 


88-4 


1.43887 


44.77 


88.4 


1.47866 4717 


78.5 


1.40586 


42.37 


83.6 


1.43966 


44.82 


88.5 


1.47426 1 4;.S 


78.6 


1.40662 


42.42 


83.6 


1.44021 


44.87 


88.6 


1.47496 1 47.27 


78.7 


1. 407111 


42.47 


83.7 


1.44092 


44.91 


88.7 


1 .47667 47.31 


78.8 


1.40785 


42.62 


83-8 


1-44161 


44.96 


88-8 




47,M 


78.9 


1.40852 


42.67 


88.9 


1.44229 


46.01 


88.9 


1.47709 


47-41 


rn.o 


1.40918 


42.62 


84.0 


1.44208 


46.06 


69.0 


1.47778 


47.4fli 


TM.l 


1.40985 


42.67 


84.1 


1.44367 


45.11 


69. 1 


1.47849 


47.S0I 


79,2 


1.41062 


42.72 


84.2 


1.44486 


45.16 


69.2 


1.47920 


47Si| 


79. a 


1.41118 


42.77 


84.3 


1.44504 


45.21 




1.47991 


IT.flO 


79.4 


1.41185 


42.82 


84.4 


1.44573 


45.26 


89.4 


1.480fil 


4T.M| 


79.5 


1.41252 


42.87 


84.5 


1.44641 


46.30 


89.5 


1.48132 


47.«<l 


79.(i 


1.41318 


42.92 


84.0 


1.44710 


46.35 




1.48203 


4T.'4 1 


79.7 


1.41385 


42.96 


84.7 


1.44779 


45.40 


89.7 


1.48274 


4771 1 


79. B 


1.414.W 


43.01 


84.8 


1.44848 


45.45 


89-8 


1.48345 47.»| 


79.9 


1.41619 


43.06 


84.9 


I.4W17 


46.49 


89.9 


1.48416 4T.M 
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Comparison between Specific Gravity Figures, Degree Baumi and Degree 

Brix. — Continued. 



Percentage 




• 


I 

1 Percentage 




• 


Percentage 




• 


of sugar ac- 
cording to 
Balling or 


Specific 
gravity. 


1^ 


; of sugar ac- 
cording to 
Ballingor 
degree Brix. 


Specific 
gravity. 




of auetLi ac- 
cording to 
Ballingor 

degree Brix. 


Specific 
gravity. 


4 
r 


degree Brix. 






^ 




1M).0 


1.48480 


47.93 


1 94.0 


1.51359 


49.81 


98.0 


1.64290 


51.65 


90.1 


1.48558 


47.98 


94.1 


1.51431 


49.85 


98.1 


1.54365 


51.70 


90.2 


1.48629 


48.02 


94.2 


1.51504 


49.90 


98.2 


1.54440 


51.74 


90.3 


1.48700 


48.07 


94.3 


1.51577 


49.94 


98.3 


1.54515 


51.79 


90.4 


1.48771 


48.12 


94.4 


1.51649 


49.99 


98.4 


1.54590 


51.83 


90.5 


1.48842 


48.17 


i 94.5 


1.51722 


50.04 


98.5 


1.64665 


61.88 


90.6 


1.48913 


48.21 


: 94.6 


1.51795 


50.08 


98.6 


1.54740 


51.92 


90.7 


1.48985 


48.26 


! 94.7 


1.51868 


60.13 


98.7 


1.54815 


51.97 


90.8 


1.49056 48.81 


94.8 


1.51941 


50.18 


98.8 


1.54890 


52.01 


90.9 


1.49127 


48.35 


94.9 


1.52014 


50.22 : 

1 


98.9 


1.54965 


52.06 


91.0 


1.49199 


48.40 


95.0 


1.52087 


60.27 


99.0 


1.65040 


52.11 


91.1 


1.49270 


48.45 


95.1 


1.52159 


50.32 


99.1 


1.55115 


62.15 


91.2 


1.49342 


48.50 


95.2 


1.52232 


50.36 


99.2 


1.55189 


62.20 


91.8 


1.49413 


48.54 


95.3 


1.52304 


50.41 


99.8 


1.55264 


62.24 


91.4 


1.49485 


48.59 


95.4 


1.52376 


50.45 ; 


99.4 


1.55338 


62.29 


91.5 


1.49556 


48.64 


95.5 


1.52449 


50.50 


99.5 


1.55418 


62.83 


91.6 


1.49628 


48.68 


95.6 


1.52521 


60.55 ; 


99.6 


1.65487 


52.38 


91.7 


1.49700 


48.73 


95.7 


1.52593 


50.59 


99.7 


1.55562 


62.42 


91.8 


1.49771 


48.78 


95.8 


1.52665 


60.64 


99.8 


1.55686 


62.47 


91.9 


1.49848 


48.82 


95.9 


1.52738 


60.69 


99.9 


1.55711 


52.51 


92.0 


1.49915 


48.87 


96.0 


1.52810 


50.73 


100.0 


1.55783 


52.56 


92.1 


1.49987 


48.92 


96.1 


1.52884 


60.78 








92.2 


1.50058 


48.96 


96.2 


1.62958 


60.82 








92.8 


1.50130 


49.01 


96.3 


1.53032 


50.87 






• 


92.4 


1.50202 


49.06 


96.4 


1.53106 


50.92 








92.5 


1.50274 


49.11 


96.5 


1.53180 


60.06 








92.6 


1.50846 


49.15 


96.6 


1.63254 


51.01 








92.7 


1.50419 


49.20 


96.7 


1.63328 


61.05 








92.8 


1.50491 


49.25 


96.8 


1.53402 


51.10 








92.9 


1.50568 


49.29 


96.9 


1.53476 


51.15 








98.0 


1.50633 


49.34 


97.0 


1.63550 


51.19 








93.1 


1.50707 


49.89 


97.1 


1.63624 


61.24 








98.2 


1.50779 


49.48 


97.2 


1.63698 


51.28 








98.8 


1.50852 


49.48 


97.3 


1.63772 


61.33 






I 


98.4 


1.50924 


49.58 


97.4 


1.63846 


51.38 






1 

1 


98.5 


1.50996 


49.57 


97:5 


1.53920 


51.42 








98.6 


1.51069 


49.62 


97.6 


1.53994 


51.47 








98.7 


1.51141 


49.67 


97.7 


1.64068 


51.51 


1 






98.8 


1.51214 


49.71 


97.8 


1.54142 


51.56 








98.9 


1.51286 


49.76 

1 


97.9 

i 
I 

-T" - 


1.54216 


51.60 


1 








IV. Alcohol Tables. 

Perccntar/r of Alcohol by Weight and f/if Volitmf/rom the Sprcific Gravity 
{'i( ISJ"- C). dy'Otto Heh-ner. 



UfCI,^ 


Percciit- 




P*«««. 


Percent. 




Pn™.«- 


Pimwi. 


spcrtfle ' •g»"f 


•Mtl"'! 


BpB^GE 


■geot 


»geof 


Spetiac 


fttft 


■CidI 


gnvliy ftt nUoliil* 


•tw)uw 


B«vtl)r ft) 






sratllr at 




tbKjFlM 


HJfi C >J(nbiil tty 


■Icutiol b)- 


*15iBL-. 


»](«Uol by'*ln>bal bj 


IWC. 


•lu4i-l li; 


■IwhUbT 


weiabt. 






-wghl.' 


volume. 




-«*bL' 


\^m* 


1.0000 OJM 


0.00 














0.»V9» 


0.03 


0.07 


0.9949 


S.S9 


a.e2 


0.9899 


0.94 


7.40 


» 


0.11 


0.13 


8 


2.M 


3,69 


8 


«.00 


7.« 




0.16 


0.20 




3.00 


3-76 




6.07 


7.ST 




0.21 


0.26 


6 


3.06 


3.88 


6 


6.14 


7.6S 




o.aB 


088 


S 


J!.12 


8.W 


& 


6,21 


7.74 




032 


0.40 


4 


3.18 


3.88 


4 


6.28 


7.83 




0.87 


04< 


S 


8.24 


4.06 


3 


6.38 


7J2 




0.4-J 


ass 


2 


3.2» 


4.12 


2 


6,43 


&01 




0,47 


o.ao 


1 


8»S 


4.20 


I 


6.iO 


MO 





Q.i» 


0.66 





3.41 


4.27 





6.67 


8,18 


0.9989 


0.S8 


0.7* 


0.99S9 


».4; 


4.84 


0.9889 


S.04 


8.27 


8 


0.B3 


0.78 


8 


3.53 


4.42 


S 


6-71 


&I6 




ana 


0.84 


7 


8.6» 


4.49 




6-78 


8-45 




0.74 


0,93 


6 


8.66 


4.66 


« 


8.86 


&M 




aifl 


0.99 


6 


8.71 


4.63 


b 


«-93 


9M 




OM 


i.oe 


4 


3.7R 


4.-1 


4 


T.OO 


8.78 




0.89 


1,13 


8 


3.82 


4.78 


S 


7.07 


(L80 




0-95 


1.19 


2 




4.85 


2 


7-lS 


8.M 




1.00 


1.21! 


1 


h'm 


4 93 


1 


7-20 


8.9S 




1.06 


1.34 





4.00 


6-00 





7.2T 


9.U 


0.9079 


i.ts 


I.4S 


0.9929 


4.06 


S.08 


0.9979 


J.8S 


9.11 




1.19 


1.49 


8 


4.12 


6.16 


8 


7.40 


U.21 




1.25 


1.67 




4.19 


5.24 


7 


7.47 


9-29 




1.31 


1.66 


6 


4.25 


6-82 


6 


7.63 


9,S7 




1.37 


1.73 


6 


4.81 


6.39 


6 


7.C0 


9.45 




1.44 


1.81 


4 


4.37 


6.47 


A 


7.67 


9.M 




1.50 


1.88 


3 


4.4( 


6-56 


3 


7.73 


9-SS 


3 


1.60 


1.96 


2 


4.60 


5.63 


2 


7.80 


9.70 


1 


1.62 


2.04 


1 


4.66 


5.71 


1 


7.87 


9,78 





1.69 


2.12 





4,62 


5.78 





7.93 


9-86 


D.0909 


i.:5 


3.20 


0.9919 


4.69 


S.8« 


0.9869 


8.00 


9.9S 


e 


i.ei 


2.27 


8 


4.75 


5.94 


B 


8.07 


10.03 




1.87 


2.36 


7 


4.81 


6.02 


7 


6.14 


10.12 


6 


I.B4 


2.43 


6 


4,87 


6.10 


6 


8-21 


10.21 


G 


2.00 


2.51 


6 


4.94 


6.17 


5 


8.29 


10.SO 


4 


S.06 


2.68 


4 


500 


6,24 


4 


8.36 


10,S8 


8 


2.11 


2.82 


8 


6.0*1 


6.32 


3 


8.43 


10.47 


a 


2.17 


2.72 




6.12 


6.40 


2 


8-50 


wm 


1 


2.22 


2.79 


1 


6.19 


6.48 


1 


8.67 


W.tA 





2.28 


2.86 





6.26 


6.55 





8.64 


lUTJ 


0.98fi9 


S.33 


£.98 


0.990B 


5.31 


&63 


0.9859 


8.71 


io.sa 


8 


:{.39 


3.00 


8 


5.37 


6.71 


8 


8.79 


10.91 


7 


2.44 


3.07 


7 


5-44 


6.78 




8,86 


11.00 


6 


2.50 


8.14 


6 


6.60 


6.86 


8 


6.93 


11-08 


6 


2.5fi 


3.21 


5 


5.56 


6.94 




9.00 


11.17 


4 


2.61 


3.28 


4 


6.62 


7.01 




0.07 


I1.W 


8 


2.87 


3.36 


3 


6.69 


7.00 




9.14 


11,3S 


2 


2.72 


8.42 


2 


5.76 


7.17 




9.21 


ll.« 


1 


2.78 


8.49 




6.81 


7.26 




9-29 


11-M 





2.83 


3.66 





5.87 


7.82 




9.86 


11,SI 


1 
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?€rcentage of Alcohol by Weight and by Volume from the Specific Gravity 

(at 15.5^ C.\ by Otto Hehner. — Continued. 



peciflc 
Avity at 
5.50 c. 


Percent- 
age of 
absolute 
alcohol by 
weight. 


Percent- 
age of 
absolute 
alcohol by 
volume. 


Specific 

gravity at 

15.50 c. 


Percent- 
age of 
absolute 
alcohol by 
weight. 


Percent- 
age of 
absolute 
alcohol by 
volume. 


Specific 

gravity at 

15.50 c. 


Percen^ Percent- 
age of age of 
absolute absolute 
alcfihol by alcohol by 
weight. volume. 


.9849 


1 9.43 


11.70 


0.9799 


13.23 


16.33 


0.9749 


1 7.33 


21.29 


8 


9.50 


11.79 


8 


13.31 


16.43 


8 


17.42 


21.39 


7 


9.57 


11.87 


7 


13.88 


16.52 


7 


17.50 


21.49 


6 


9.64 


11.96 


6 


13.46 


16.61 


6 


17.58 


21.59 


5 


9.71 


12.05 


5 


13.54 


16.70 


6 


17.67 


21.69 


4 


9.79 


12.13 


4 


13.62 


16.80 


4 


17.75 


21.79 


3 


9.80 


12.22 


3 


13.69 


16.89 


8 


17.83 


21.89 


2 


9.93 


12.31 


2 


13.77 


16.98 


2 


17.92 


21.99 


1 


10.00 


12.40 


1 


13.85 


17.08 


1 


18.00 


22.09 





10.08 


12.49 





13.92 


17.17 





18.08 


22.18 


.9839 


10.15 


12.58 


0.9789 


14.00 


17.26 


0.9739 


1S.15 


22.27 


8 


10.23 


12.68 


8 


14.00 


17.37 


8 


18.23 


22.36 


7 


10.31 


12.77 


7 


14.18 


17.48 


i 


18.31 


22.46 


6 


10.38 


12.87 


6 


14.27 


17.59 


6 


18.38 


22... 6 


5 


10.46 


12.96 


5 


14.36 


17.70 


5 


18.46 


22.64 


4 


10.54 


13.05 


4 


14.45 


17.81 


4 


18.54 


22.73 


3 


10.62 


13.15 


3 


14.55 


17.92 


3 


18.62 


22.82 


2 


10.69 


13.24 


2 


14.64 


18.03 


2 


18.69 


22.92 


1 


! 10.77 


13.34 


1 


14.73 


18.14 


1 


18.77 


23.01 





10.85 


13.43 





14.82 


18.25 





18.85 


23.10 


.9829 


10.93 


13.52 


0.9779 


14.90 


18.36 


0.9729 


18.92 


23.19 


8 


11.00 


13.62 


8 


15.00 


18.48 


8 


19.00 


23.28 


I 


11.08 


13.71 


7 


16.08 


18.58 


7 


19.08 


23.38 





11.15 


13.81 


6 


16.17 


18.68 


6 


19.17 


23.48 


5 


11.23 


13.90 


6 


15.25 


18.78 


6 


19.25 


23.r-8 


4 


11.31 


13.99 


4 


15.33 


18.88 


4 


19.33 


23.68 


3 


11.38 


14.09 


3 


15.42 


18.98 


3 


19.42 


2:H.78 


2 


11.46 


14.18 


2 


15.50 


19.08 


2 


19.50 


23.88 


1 


11.54 


14.27 


1 


16.58 


19.18 


1 


I9.r»8 


23.98 





11.62 


14.37 





16.67 


19.28 





19.67 


24.08 


.9819 


11.69 


14.46 


0.9769 


15.75 


19.39 


0.9719 


19.75 


24.18 


8 


11.77 


14.56 


8 


15.83 


19.49 


8 


19.83 


24.28 


7 


11.85 


14.65 


7 


15.92 


19.59 


7 ' 


19.92 


24.38 


6 


11.92 


14.74 


6 


16.00 


19.68 


6 


20.00 


24.48 


5 


12.00 


14.84 


5 


16.08 


19.78 


6 


20.08 


24.58 


4 


12.08 


14.93 


4 


16.15 


19.87 


4 


20.17 


24.68 


3 


12.15 


15.02 


3 


16.23 


19.96 


8 


20.25 


24.78 


2 


12.23 1 


15.12 


2 


16.31 


20.06 


2 


20.33 


24.88 


1 


12.31 ; 


15.21 


1 


16.38 


20.15 


1 


20.42 


24.98 





12.38 


16.30 





16.46 


20.24 





20.50 


25.07 


9809 


12.46 


15.40 


0.9759 


16.54 


20.33 


0.9709 


20.5S 


25.17 


8 


12.64 


15.49 


8 


16.62 


20.43 


8 


20.r.7 


25.27 


7 


12.62 


15.58 


7 


16.69 


20.52 


1 


20.75 


25.37 


6 


12.69 


15.68 


6 


16.77 


20.61 


6 


20.83 


25.47 


5 


12.77 


15.77 


5 


16.85 


20.71 


5 


20.92 


25.57 


4 


12.85 


15.86 


4 


16.92 


20. «0 


4 


21.00 


25.67 


3 


12.92 


15.96 


3 


17.00 


20.89 


3 


21. OS 


25.76 


2 


13.00 


16.05 


2 


17.08 


•^0.09 


2 


21.15 


25.8(5 


1 


13.08 


16.15 


1 


17.17 


21.09 


1 


21. 'J3 


25.95 





13.15 


16.24 

1 





17.25 


21.19 1 

i 





21.31 


26.04 



P^eadagt o/' Akakal £y Ifet^A/ and fry ro/tim^ /rom (V ^p«riflc Grariy 
{tU 1S£° C), by Otto Hch lu-r. —Coatiaaed. 
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■MM 


1 


2a 79 


81.82 




19.18 


86.20 







££.« 


2e-ti& 





25.80 


81.40 





29^ 


86^ 




MCS9 


SS.U 


s;.04 


0.9689 


2S.96 


61.46 


0.93S0 


«».s; 


U-U 




8 


SH.7S 


2T.U 


8 


1V.O0 


81.57 


8 


29.3S 


36.43 




7 


22.11 


*7.22 


7 


26.07 


81.66 


7 


29.40 


86.51 






2S.38 


27.81 


6 


2«.13 


81.72 


e 


39.47 


26.68 




6 


22.46 


27.40 


6 


26.20 


81.W) 


6 


29.63 


35.66 




4 


2Z.M 


27.49 


4 


26.27 


31.88 


4 


2a.«> 


S.'i.74 




8 


SI.62 


37.60 


8 


a».83 


31.90 


8 


H>.«7 


36.31 




2 


22.e9 


27.88 


2 


26.40 


82.0! 


9 


2!>.78 


8&8a 




1 


22.T7 


27.77 




26.47 


8211 


1 1 2».M> 


86.97 







22.85 


2T.S6 





20.68 


82.19 





29.87 


36.04 




o.»«;ff 


22.92 


27.95 


0.9629 


26.60 


82.27 


0.9fi79 


29.91 


68.18 1 




8 


23.00 


28.04 


8 


26.67 


3^.34 


8 


30 00 


3iiJ!0 1 




7 


23.W 


28.13 


7 


20.73 


32.42 


7 


SO.(N> 


36.26 . 




G 


•i3Aa 


29.22 


6 


26.80 


32.50 


6 


80.11 


36.S2 




6 


28.23 


28.31 


6 


26.87 


32.68 


6 


80.17 


3ft89 




4 


28.31 


28.41 


4 


26-93 


32.66 


4 


30.22 


36.46 




3 


23.38 


28.60 


3 


27.00 


32.78 


8 


80.28 


86.51 




i 


28.46 


28.69 


2 


27.07 


32.81 


2 


80.88 


36.67 




1 


23.M 


28.08 




27.14 


82. yo 


1 


80.3'J 


8C,64 







23.62 


28.77 





27.21 


32.98 





80.44 


86.70 




0.9669 


26.69 


28.96 


0.9619 


27.29 


88.06 


0.9569 


60.50 


86.76 






23.77 


26.95 


8 


27.36 


33.15 




30,66 


86.83 






23.65 


2e.04 


7 


27.43 


83.28 




30.61 


36.89 






23.92 


29.18 


6 


27.60 


88.31 




80.67 


3ti.95 






24.00 


29.22 


6 


27.67 


33.89 




80.72 


37.02 






24.08 


29.31 


4 


27.64 


83.48 




30.78 


37.06 






24,16 


29.40 


3 


27.71 


83.66 




30.83 


17.14 






24.23 


20.49 


2 


27.79 


33.64 




30.89 


87.20 






24.31 


29.58 


I 


27.86 


33.78 




30.94 


87.27 






24.38 


29.87 





27.93 


38.81 





81.00 


87.84 


k 


0.9639 


24.46 


29. 76 


0.9609 


2S.00 


S8.89 




81.06 


87.41 


■ 




24.64 


29,8e 


8 


28.06 


88. B7 


8 


31.12 


37.48 


■ 




24.02 


29.96 


7 


•^.12 


34.04 




81.19 


37.56 


■ 




24.69 


80.04 


6 


28.19 


34.11 




31.26 


37.6S 


w 




24.77 


30,13 


6 


28.25 


34.18 




31.31 


37.80 


w 




24.66 


30.22 


4 


28.31 


34.25 




81.37 


37.76 


r 




24.92 


30.81 


3 


28.37 


34.38 




31.44 


87.83 






25.00 


30.40 


2 


28.44 


34.40 




31.60 


37-90 






25.07 


30.48 




28.60 


34.47 




31.56 


ST.s: 


k 





25.14 


30.57 





28.56 


34.54 




31.62 


38.04 



APPENDIX, 



525 



^centage of Alcohol by Weight and by Volume from the Specific Gravity 
{at 15.5^ C), by Otto Hehner. — Continued. 



jcific 
'ity at 
5°C. 


Percent- 
age of 
absolute 
alcohol by 
weight 


Percent- 
age of 
absolute 
alcohol by 
volume. 


Specific 

gravity at 

16.60C. 


Percent- 
age of 
absolute 
alcohol by 
weight 


Percent* 

age of 

absolute 

alcohol by 

volume. 


Specific 

gravity at 

15.5° C. 


Percent- 
age of 
absolute 
alcohol by 
weight 


Percent- 
age of 
absolute 
alcohol by 
volume. 


»549 


81.69 


88.11 


0.9499 


84.57 


41.87 


0.9449 


87.17 


44.24 


8 


81.75 


38.18 


8 


34.62 


41.42 


8 


37.22 


44.30 


7 


81.81 


88.25 


7 


84.67 


41.48 


7 


37.28 


44.86 


6 


81.87 


88.33 


6 


34.71 


41.58 


6 


87.38 


44.48 


5 


31.94 


88.40 


5 


84.76 


41.68 


5 


87.39 


44.49 


4 


82.00 


88.47 


4 


34.81 


41.63 


4 


87.44 


44.56 


8 


32.06 


88.53 


3 


84.86 


41.69 


8 


87.60 


44.61 


2 


82.12 


88.60 


2 


84.90 


41.74 ' 


2 


87.66 


44.67 


1 


82.19 


88.68 


1 


84.95 


41.79 


1 


87.61 


44.73 





82.25 


88.75 





85.00 


41.84 





87.67 


44.79 


^589 


82.81 


88.82 


0.9489 


85.05 


41.90 


0.9489 


87.72 


44.86 


8 


82.87 


88.89 


8 


35.10 


41.95 


8 


87.78 


44.92 


7 


82.44 


88.96 


7 


35.15 


42.01 


7 


87.88 


44.98 


6 


32.50 


89.04 


6 


35.20 


42.06 


6 


87.89 


45.04 


5 


32. 5G 


89.11 


5 


85.25 


42.12 


5 


87.94 


45.10 


4 


32.62 


89.18 


4 


35.80 


42.17 


4 


38.00 


45.16 


3 


32.69 


89.25 


8 


85.35 


42.28 


8 


88.06 


45.22 


2 


32.75 


39.32 


2 


35.40 


42.29 


2 


88.11 


46.28 


1 


32.81 


39.40 


1 


85.45 


42.34 


1 


88.17 


45.84 





32.87 


89.47 





85.60 


42.40 





88.22 


45.41 
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82.94 


89.54 


0.9479 


85.55 


42.45 


0.9429 


88.28 


45.47 


8 


33.00 


89.61 


8 


35.60 


42.51 


8 


88.33 


45.^33 


7 


38.06 


39.68 


7 


85.65 


42.56 


7 


88.39 


46.59 


6 


3:<.12 


89.74 


6 


35.70 


42.62 


6 


88.44 


45.65 


5 


33.18 


89.81 


5 


35.76 


42.67 


6 


88.50 


45.71 


4 


33.24 


39.87 


4 


85.80 


42.73 


4 


38.56 


45.77 


8 


83.29 


39.94 


8 


85.85 


42.78 


8 


88.61 


45.88 


2 


83.35 


40.01 


2 


85.90 


42.84 


2 


38.67 


45.89 


1 


33.41 


40.07 


1 


35.95 


42.89 


1 


38.72 


45.95 





33.47 


40.14 





36.00 


42.95 





88.78 


46.02 


»519 


88.58 


40.20 


0.9469 


86.06 


48.01 


0.9419 


88.88 


46.08 


8 


33.59 


40.27 


8 


86.11 


43.07 


8 


88.89 


46.14 


7 


83.65 


40.34 


7 


36.17 


43.13 


7 


38.94 


46.20 


6 


33.71 


40.40 


6 


36.22 


43.19 


6 


39.00 


46.26 


6 


33.76 


40.47 


5 


86.28 


43.26 


5 


39.05 


46.82 


4 


33.82 


40.53 


4 


36.33 


43.32 


4 


89.10 


46.87 


8 


33.88 


40.60 


8 


36.39 


43.38 


8 


39.15 


46.42 


2 


33.94 


40.67 


2 


86.44 


43.44 


2 


89.20 


46.48 


1 


34.00 


40.74 


1 


36.60 


43.50 


1 


89.25 


46.58 





34.05 


40.79 





86.56 


43.56 





39.80 


46.59 


»509 


84.10 


40.84 


0.9459 


36.61 


48.68 


0.9409 


89.85 


46.64 


8 


34.14 


40.90 


8 


36.67 


43.69 


8 


39.40 


46.70 


7 


34.19 


40.95 


1 


30.72 


43.75 


7 


39.45 


46.75 


6 


34.24 


41.00 


6 


36.78 


4.181 


6 


39.50 


46.80 


6 


34.29 


41.05 


5 


36.83 


43.87 


6 


39.55 


46.86 


4 


34.33 


41.11 


4 


3H.80 


48.93 


4 


39.60 


46.91 


3 


34.38 


41.16 


3 


36.94 


44.00 


3 


89.65 


46.97 


2 


34.43 


41.21 


2 


37.00 


44.06 


2 


89.70 


47.02 


1 


34.48 


41.26 


1 


37.06 


44.12 1 


1 


39.75 


47.08 





34.52 


41.32 





37.11 


44.18 





39.80 


47.13 
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Percentage of Alcohol by Weight and by Volume from the Specific Gravity 

(at 15,5^ C), by Otto Hehner. — Continued. 





Percent- 


Percent- 




Percent- 


Percent- 




Percent- 


Fercent- 


pecific 


age of 


age of 


Specific 


age of 


age of 


Specific 


age of 


age of 


ivity at 


absolute 


absolute 


gravity at 


abfiolute 


absolute 


gravity at 


absiolute 


abdolute 


b^C. 


alorhol by 


alcohol by 


15.6° C. 


alcohol by 


alcohol by 


15.60C. 


alcohol by 


alcohol by 




weight. 


volume. 




weight 


volume. 




weight 


volume. 


.8890 


62.82 


70.35 


40 


77.71 


83.60 


0.8190 


91.36 


94.26 


80 


63.26 


70.77 


30 


78.12 


83.94 


80 


91.71 


94.51 


70 


63.70 


71.17 


20 


78.52 


84.27 


70 


92.07 


94.76 


60 


64.13 


71.58 


10 


78.92 


84.60 


60 


92.44 


95.03 


50 


64.57 


71.98 


00 


79.32 


84.93 


50 


92.81 


95.29 


40 


65.00 


72.38 








40 


93.18 


95.55 


30 


65.42 


72.77 


0.8490 


79.72 


85.26 


80 


93.55 


95.82 


20 


65.83 


73.15 


80 


80.13 


85.59 


20 


93.92 


96.08 


10 


66.26 


73.54 


70 


80.54 


85.94 


10 


94.28 


96.32 


00 


66.70 


73.93 


60 
50 


80.96 
81.36 


86.28 
86.61 


00 


94.62 


96.65 


.8790 


67.13 


74.88 


40 


81.76 


86.93 


0.8090 


94.97 


96.78 


80 


67.54 


74.70 


80 


82.15 


87.24 


80 


95.32 


97.02 


70 


67.96 


75.08 


20 


82.54 


87.55 


70 


95.68 


97.27 


60 


68.38 


75.45 


10 


82.92 


87.85 


60 


96.08 


97.51 


60 


68.79 


75.83 


00 


83.31 


88.16 


50 


96.37 


97.73 


40 


69.21 


76.20 








40 


96.70 


97.94 


30 


69.63 


76.57 


0.8890 


83.69 


88.46 


80 


97.03 


98.16 


20 


70.04 


76.94 


80 


84.08 


88.76 


.20 


97.87 


98.37 


10 


70.44 


77.29 


70 


84.48 


89.08 


10 


97.70 


98.59 


00 


70.84 


77.64 


60 
50 


84.88 
85.27 


89.39 
89.70 


00 


98.08 


98.80 


.8690 


71.25 


78.00 


40 


85.65 


89.99 


0.7990 


98.84 


98.98 


80 


71.67 


78.86 


30 


86.04 


90.29 


80 


98.66 


99.16 


70 


72.09 


78.78 


20 


86.42 


90.58 


70 


98.97 


99.35 


60 


72.52 


79.12 


10 


86.81 


90.88 


60 


99.29 


99.55 


60 


72.96 


79.50 


00 


87.19 


91.17 


50 


99.61 


99.75 


40 


73.38 


79.86 








40 


99.94 


99.96 


80 


73.79 


80.22 


0.8290 


87.58 


91.46 








20 


74.23 


80.60 


80 


87.96 


91.75 


0.7989 


99.97 


99.98 


10 


74.68 


81.00 


70 


88.36 


92.05 




Absolute 


Alcohol. 


00 


75.14 


81.40 


60 
50 


88.76 
89.16 


92.36 
92.66 


0.7988 


100.00 


100.00 


.8590 


75.59 


81.80 


40 


89.54 


92.94 








80 


76.04 


82.19 


80 


89.92 


93.23 








70 


76.46 


82.54 


20 


90.29 


93.49 








60 


76.88 


82.90 


10 


90.64 


93.75 








50 


77.29 


83.25 


00 


91.00 


94.00 










7- Fhyrioal and Ghenac^ Constants of Rxed Ofls and Fate. 

(CbIEFLT FBHU BESEt'lSt-LEtFKOWIIV.'a.t 



? 



Wriam cil 

MlnMadoQ 
HaBkwwoD 
ruvMcdoi 

CoUmmmi 

BtackMiH 

Ootoa oil . , 
Omm-oU . 
.AocioM k«fml 

Esnbikalail . 
01tv«oil. . . 
MMlwidnioil 
Cmi-l>T(r<dt . 
Seal Ml . . . 

MTlMkcd . . 
Dnl^B oil . 

Oottofr«Hidttei 

Palm aa . . . 
Caeutbullcr . 
CnoarnnlnU. 

lK""^; ; 

ftiiw bl . . . 

■Wlow . , . 

BaOerttX . . 
OI«»inarntine 
SfHrnnoil . . 

C*nunb> w&x 
Wool-bt . . 

Bee 



s^^^iS""" ' «^ iwiajri-i-. 



a«3&-o.sa8 



ons-aBH 

a»14-0LVlT 

o.sis-0 lao 



a»i4-ii.9i; 

0.*22-aii2T 
0.«MM>nW 

0.914-0.918 
a919-0.tfiS 

asn-o-VK 

a9ZMI.«!6 

0.«96 
a9TtMI.M0 
a08l-O.tt8 

o.9ii-afi« 

a»M-0L»5X 
0;87&-a88l 



0.P7* 
0.87S 
0.872 

0.871 

o.eai 



40" MM" 



dusn 

0.9DMI.SM 
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0.670 



0.8U 
0.W1 
0.823 



0.813 «.5»to49" 
0.810 80.S'>U>8I'> 



«o»to«Lr 
m-Vutf* 

43.4' bi4U' 
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V. Physical and Chemical Oonstants of Fixed Oils and Fats.- 

Continued. 

(Chiefly from Bbnbdikt-Lewkowitsch.) 





Saponification 
value. 


Maiimend 
tesu 


Iodine value. 


Hehner 
value. 


Relchert 
value. 


Linseed oil 


189-196 


104«>-11P 


170-181 


• • • 


... 


Hemp-seed oil .... 


190-193 


95»-96« 


148 


• • • 


... 


1 Walnut oil .... 


194-197 


96^-lOP 


144-147 


• - • 


... 


Popp\-6eed oil .... 


198-197 


86®-88« 


134-141 


95.88 


... 


Niger-eeed oil 


189-191 


81^-820 


132.9 


... 


... 


Sunflower oil 


193-194 


720-76« 


120-129 


95 


... 


Fir-seed oil 


191.3 


98<»-99«> 


118.9-120 


• • • 


... 


Madia oil 


192.8 


95«>-99o 


117.5-119.5 


• • • 


... 


Maize oil 


188-190.4 


56»-60.5<> 


117-122 


96 


2.6 


Cotton-«eed oil .... 


191-:96 


68*>-77<» 


104-108 


96.17 


... 


Sesame oil 


187-191 


640-68® 


106-109 


95.8 


0.86 


Kape-seed oil 


175-178 


5P-60<» 


99-105 


95 


• • • 


Black mustard oil . . . 


174-174.6 


43<>-44<> 


106.3 


... 


• 


Croton oil 


210.8-215 




101.7-104 


89 


18.6 


Castor oil 


178-183 


46ol47^ 


88.4-85.9 


• • • 


1.4 


Apricot kernel oil . . . 
Almond oil 


192.2-193.1 


42.5<>-46» 


100-101 


• • • 


... 


190.5-195.4 


51«>-53o 


96-99 


96.2 


... 


Earth nut oil 


190-197 


45^-49^ 


95-98 


95.86 


... 


Olive oil 


191-196 


41.5«-45.5«> 


81.6-84.5 


96.48 


0.8 


Menhaden oil ... . 


189.3-192 


123<>-128« 


147.9 


• • • 


1.2 


Cod-liver oil 


182-187 


102O-108«> 


139-152 


96.8 


... 


Seal oil 


190-196 


92«> 


125-180 


94.2 


0.22 


Whale oil 


188-193 


91«>-92o 


49 


93.5 


2.04 


^'pi^'-MJat^oS": 


197.3 
290 


• 


99.5 
82.8 


93.07 
66.28 


5.6 
65.92 


Porpoise oil {f,«^y„f; 


216-218.8 
253.7 


50« 

• • • • 


'49.6 


68.*4i 


28.46 

65.8 


Neat's-foot oil .... 


194.3 


47«>-48.5« 


69.3-70.4 


... 


• • • 


Cotton-seed stearine . . 


194.6-195.1 


48« 


88.7-92.8 


90.3 


• • • 


Palm oil 


196.3-202 




51-62.4 


96.6 


0.6 


Cacao butter 


192.2-193.5 




82-37 


94.59 


1.6 


Cocoa-nut oil 


250-253 




8.5-9.3 


88.6 


3.7 


Myrtle wax 


205.7-211.7 




10.7 


• ■ • 


• • • 


Japan wax 


220-222.4 




4.2-6.6 


• ■ • 


• • • 


Lard 


195.3-196.6 


27«-32« 


57-63 


96 


• • • 


Bone fat 


1909 




46.8-49.6 


• • • 


• • 


Tallow 


195-198 




36-40 


95.6 


0.26 


, Butter fat 


221.5-227 




26-80 


87.5 


28.78 


Oleomaipirine .... 
Sperm oil 


• • • • 




55.3 


95-96 


2.6 


132.5-147 


47<>-5i« 


84 


• • • 


1.3 


Bottle-nose oil .... 


126-134 


41o_47o 


77.4-82 


• • • 


1.4 


Camauba wax .... 


80-84 




13.5 


m • • 


• • • 


Wool-fat 


98.2-102.4 




25-28 




% 


Beeswax 


91-^m 




8.3-11 


• • • 


• • • 


Spermaceti 

Chinese wax 5 


128 






« • • 


• • • 


68 






t • • 





34 



I 

M 



■ • 

f •■ 



. s 



« . 
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ibel teeter for oils, 86 
Lbeinthe, 229 
Lcetate of iron, 481 
Lcetates, analysis of, 867 
Lcetic acid production, 858 

ferment, 240 
Lcetin method of glycerine analysis, 86 
Lcetone, 854, 855 

in wood-fipirit, 857 
Lcetophenone, 405 
LchrcKKlextrine, 170 
Lcid brown G, 417 

dyes, 412 

violet, 412 

yellow, 419 
.cidity of beer, 201 

of tan-liquors, 886 
.cridine, 403 

yellow, 419 
adjective dyeinc, 480 
adulteration of oeer, 201 
.erated bread, 287 
.fter-fermentation of beer, 195 
^lite, 289 
^r-agar, 839 
.Ibertite, 17 

albuminoids in milk, 266 
icohol in beer, 200 

tables of Hehner, 522 
icoholic beverages, manufacture of, 226 

fermentation, 184, 187 
.le, 196 

ieurometer of Boland, 288 
.Igin, 389 
iizarin, 420, 448 

black S, 422 

blue, 421 
S, 421 

bordeaux B, 421 

cyanine R, 421 

dyeing, 487 

green 8, 421 

indigo-blue S, 421 

manufacture, 410 

maroon, 421 

orange, 421 

red, 421 

yellow, 416 
A, 421 
C, 421 
Ikali blue, 412 
Imond oil, 49 



Alpaca fibre, 807 
Alum tawing, 881 
Alumina mordants, 481 
Aluminum acetate, 481 
Amaranth, 417 
Amber, 97 

malt, 191 
Amidoazo dyes, 416 
^Amidobenzene-sulphonic acid, 402 
Amine dye-colors, 412 
Ammonia liquor, valuation of, 886 

recovery of, from gas-liquor, 873 
Ammoniacal cochineal, 454, 458 
Amylodextrine, 170 
Analysis of dyes, 427 

of fats, scheme for, 88 
Aniline, 898 

black, 418 

dyeing, 487 

blue, 412 

hydrochloride, 898 

manufacture, 406 

red, 412 

rose, 418 

salt, 898 

still, 407 

sulphate, 898 
Animal fibres, bibliography of, 816 

hide, structure of, 820 
Animo, 97 
Anisol red, 417 
Annatto, 445 
Anthracene, 880, 885, 898 

brown, 421 

oil, 879 

series, 898 

sulphonic acid, 401 

yellow, 422 
Anthracite black, 418 
Anthragallol, 421 
Anthrapurpurin, 420 
Anthraquinone, 405, 409 

sulphonic acid, 402, 409 
'* Anticnlor" in paper-bleaching, 288 
Antimony mordants, 482 
Application of artificial colors to cotton, 485 
Appolt'8 coke-oven, 866 
Arachis oil, 50 
Archil, 443 

substitute, 416 
Ardent spirits, manufacture of, 215 

raw materials of, 216 
Argols, 203, 211 
Arrack, 227 
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ne absorption of fats, 81 
i-naphtnalene, 895 
acetate of lime, 353 
al, 359 

'e8, recognition of, on fibre, 487 
alt, 191 

•se lacQuer, 100 
ig naphtha, 875 
, 261 

lalysis of, 267 
►loring matter of, 270 
t, 51, 267 

anufacture of, 254, 256 
jHow, 416 
ine, 256, 262 
i-lac, 98 
3duct coke-ovens, 366, 388 



butter, 50 
u de Laval, 422 
m acetate, 858 
ur-wood, 441 

satore, or juice- warmers, 189 
'8-hair fibre, 807 
nbert cheese, 262 
dors, 95, 97 
v-ood, 441 
B manufacture, 69 
e-making materials, 69 
jugar, bibliography of, 166 
1 coal, 859 
?houc, 99, 105, 111 
atistics of, 119 
blue, 415 
icl coloring, 175 
I spirits, 231 
zol vellow, 419 
lie acid, 377, 884 
natation process, 138, 144 
oard, 292 
i wool, 814 
ne naphte, 416 
reparation of, 454 
d, 444 
nic acid, 444 
»ibin, 417 
uba wax, 51 
imic acid, 448 
imin, 448 
I of milk, 252 
rf j)arulion8, 264 
lere wool, 307 
lade sugare, 152 
> soap, 63 
oil, 48 
lin, 449 
lu, 449, 482 
:tmct, 322, 465 
lutanuic acid, 328, 449 
c soda, 479 
)id, 298, 300 
)so nitnitcs, 295 
inthogenale, 313 
fugals, 132 
ne, 417 



Cereals, composition of, 169 
Ceresine, 26, 81 
Chamois leather, 882, 884 
Champagnes, 209 

manufacture of, 206 
Chaptalization of wines, 205 
Charcoal from wood, 356 
Char-kilns, 150 
Chartreuse, 229 
Cheddar cheese, 262 
Cheese, analysis of, 270 

making, 259 

varieties of, 262 
Chemic blue, 460 
Chemical wood-pulp, 282 
Chestnut-wood in tanning, 822 
China-grass, 279 
Chinese green, 448 

isinglass, 889 

lacquer, 100 

wax, 62 
Chinoline, 402 

Chloride of lime bleaching, 478 
Chlorophyll, 448 
'»Chlor-ozone," 479 
Chondrin, 888 
Chromatropcs, 418 
Chrome tanning, 331 
»' Chroming" of wool, 480 
Chromium mordants, 482 
Chromogens, 411 
Chromophor groups, 411 
Chrysamine, 419 
Chrysaniline, 420 
Chrysene, 394 
Chrysoidine, 416 
Chrysophenine, 418 
Chrv'sorhamnin, 445 
Cider vinegar, manufacture of, 243 
Cingalese lacquer, 100 
Clayed sugars, 152 
Cleansing of fibres, 472 
Clerget's process of inversion, 158 
Cloth brown, 418 

red G, 417 
Coal distillation, statistics of, 388 
Coals, composition of, 860 
Coal-tar colors on wool, 490 

pitch, 381, 386 

statistics, 389 

still, 869 
Coccerin, 444 
Cochineal, 444 

analysis, 465 

carmine, 444, 458 

red A, 417 

scariet 2R, 416 
Cocoa-nut fibre, 280 

oil, 60 
Cod-liver oil, 51 
Coefficient of expansion of petroleum oils, 

510 
Coeruloin, 415 

S, 415 
Cofi*ey still, 222 
Cognac, 227 
Coir fibre, 280 
Coke-oven di?:tillation of coal, 365 
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ler's residuofi, 280 
ictions between two naphthoU, 401 
ctween vegetable and animal fibres, 
815 

3honic acids of /?-naphtho1, 402 
jenes, 95 
livi, 323 

le-effect vacuum-pans, 132 
fi, preparation of, 285 
irines, 208 
s for oils, 74 
fr oils, 53 
1^ pitKiesses, 483 

krood extracts, manufacture of, 451 
X traction of, 452 
eoods, curing of, 449 
mite, 72, 77 
nalysis of, 87 



e vie do marc, 227 

te or bard rubber, 111 

dik, 312, 313 

escing wines, manufacture of, 2(m> 

I cbtHJse, 2(i2 

>n pnx^ess for molasses, 147 

elled leather, 333 

iruge, 94 

e-sizing for paper, 290 

r viscosimeter, 40 

1, 414 

rodextrine, 170 

rosin, 414 

rozviii, 443 

to, "280, 282 

.ial oils, adulteration of, 112 

bibliography of, 116 

classification of, 95 

extraction of, 94 

statistics of, 117 
eosin, 414 
iphthul(>ne, 398 
(iin4.>s, 413 
1 pr(K.*es8, 55 

nation of dved fabrics, 428 
•t determination in beer, 199 
(H.l, 314 
ition of oil seeds by solvents, 56 



ous brandy, 227 
negurs, 245 
, 22;') 
r»)wn, 417 

N, 416 
1 A, 417 

B, 417 

(', 417 

I), 417 
)lot, 418 
Ilow, 410 
^s of dyos to light, 422 

to soa}ung, 422 
erniination in milk, 206 
id oils, analysis of, 78 



Fats and oils, bibliography of, 87 

statistics of, 88 
Fatty oils, composition of, 58 
Fehling's solution, preparation of, 159 

use of, 1 59 
Fermentation, bibliography of, 246 

nature of, 184 

of grape juice, 208 

of mash mr spirits, 218 

of wort, 195 
Fibre, recognition of, in papers, 298 
Fibroin, 809 

Fibro-vascular bundles, 278 
** Fifty per cent, benzol," 875, 892 
Filled soaps, 64 
Fire test of oils, 84 
Fischer viscosimeter, 89 
Fisetin, 445 
Fish-bladders, 889 

gelatine, 841 
Fixed oils and fats, physical and chemical 

C(»nstants of, 528 
Flash-point of oils, 84 
Flavaniline, 419 
Flavine, 446, 455 
Flavopurpurin, 421 
Flax, 275 

statistics of, 802 
Flour, 232 

adulterations of, 239 

and bread, bibliography of, 248 
Fluoranthene, 894 
Fluorene, 894 
Fluorescein, 409, 414 
Forcite, 77 

Formaldehyde in tanning, 832 
Fortified wines, manufacture of, 207 
Fourdrinier machine for paper, 2JK) 
Fractional separation of coal-tar, 868 
Fromage de Brie, 262 
Fryer concretor, 134 
Fuchsine, 412 



S, 412 



Fuel gas, 28 

Fusel oil, detennination of, 231 

Fustic, 444 

Fustin, 445 



Gaban-wood, 442 
Gallamine blue, 415 
Gallanilic indigo, 415 
Gallein, 414 
Gallic acid, 404 
Gallipoli oil, 73 
Gallisin, 170, 178 
Gallization of wines, 206 
Gall<K?vanine, 415 
Gullollavin, 422 
Gambler in tanning, 322 
Gambinc, 415 
Ga.s purifiers, 304 

retort dititillation of coal, 362 
GiLsoleno. 29 

(tuv-Lussho specific gravity scale, 514 
(T(»latiiH' dynamite, 77 
G«-Ibbeeren, 445 
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Japanese lacquoTi 100 
Japans, 109 

Jeob process for starch, 171 
Juice- warmers, 189 
Jute bleaching, 477 

fibre, 277, 282 

statistics of, 803 

K 

Kaiserschwarz, 461 
Kaseleim pulver, 265 
Kauri resin, 98 
Kephir, 264 
Kermes, 444 
Kerosene, 80 
Kino, 449 

in tannins:, 828 

red, 449 " 
Kinoin, 449 
Kirschwasser, 227 
Knoppem, 824 
Koettstorfer's method, 268 
Koumiss, 264 
Krapp, 442 



Lac dye, 444 

resin, 98 
Laccainic acid, 444 
Lacquers, 100, 108 
Lactarine, 265 
Lactobutyrometer, 266 
Lactometer, use of, 266 
Lajvo-pinene, 96 
Lager-beer, 196 
Lamp-black, 29 
Lanolin, 62 
Lard, 61 

cheese, 259, 268 

oil, 61 
Lead acetate, 855 
Leather, analysis of, 888 

and glue,' bibliography of, 848 

industry, statistics of, 844 
Leed's scheme for soap analysis, 85 
Leguminous starches, 168 
**L(euco" compounds, 411 
Light oil of tar, 874 
Lignite, 859 

for clarifying sugar juice, 129 
Ligroine, 80 
Lillie evaporator, 132 
Lima oil, refining of, 24 

wood, 441 
Limburger cheese, 262 
Lime and copperas vat for indigo, 484 

sucrate process for molasses, 147 

use of, in defecating sugar juice, 129 
Liming of hides, 825 
Linen- bleaching, 476 
Linoleum, 105, 110 
Linseed oil, 49 

caoutchouc, 111 
varnishes, 101, 108 
Liqueurs, 228 
Liquid glue, 842 



Litho-carbon, 17 

Litmus, 448, 461 

Llama fibre, 807 

Loading material for paper-pulp, 289 

Logwood, 447 

dyeing, 486 

extracts, 461, 464 
Lokanic acid, 449 
Lokao, 448 
Lokaonio acid, 448 
Lokaose, 449 
Long-stapled wool, 806 
Low wines, 223 
Lubricating oils, 80 
Lunge's bleaching process, 476 
Lupulin, 188 
Lustre wools, 806 
Luteolin, 446 
Lyddite, 78 

M 

Maceration process for sugar-beets, 188 
Machine-made paper, 290 
Maclurin, 445 
Madagascar-wood, 442 
Madder, 442 

bleach, 478 

flowers, 448 
Magdala red, 413 
Ma^^enta, 412 
Maize oil, 49 
Malachite green, 412 
Malt, analysis of, 197, 198 

composition of, 188 

liouor industry, 187 

suDstitutes, 194 

vinegar, manufacture of, 248 
Maltha, 16 
Malting and brewing, bibliography of, 246 

process, 189 
Maltodextrine, 170 
Maltose, manufacture of, 174 

properties of, 177 
Manchester yellow, 414 
Mandarin, 417 

Manganese bronze styles, 600 
Manila hemp, 278 
Manufacture of »vinegar, bibliography of, 

248 
Maraschino, 229 
Marc of grapes, 211 
Marseilles soap, 63 

Martin's process for wheat starch, 172 
Martins yellow, 414 
Mash process, 191 
Masse-cuite, 129, 132 
Mastic, 98 

Muther-Th<>inj)s()n process, 476 
Muuvein, 413 
Mechanical nmlting apparatus, 190 

w()<Ki-pulp, 282 
Melada suijar, 152 
Meldola'sblue, 415 
Melinite, 78 

Melis, or lump-sugar, 145 
.Melting-point of fats, method for, 79 
Menhaden oil, 52 
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Orchil extract, 457 

Orellin, 445 

Orlean, 445 

Orleans process of vinegar manufacture, 

241 
Orseille, 448 

carmine, 457 

purple, 457 
Oniclline, 457 
Onha-U»luidine, 399 
Osmose process for molasses, 146 
Otto coke-oven, 368 
Oxidation colors, 497 
Oxidized oils, 74 
Oxyazine colors, 415 
Oxyazo dyes, 416 
Oxy ketone colors, 420 
Ozokerite, occurrence of, 16 

treatment of, 26 



Padded soaps, 64 
Faeonin, 414 
Pale brandy, 227 

malt, 191 
Palm oil, 50 
Paper and pulp, statistics of, 803 

making, 281 

mulberry fibre, 288 

pulp testing, 294 

sizing, 289 

washins maclune, 285 
Papier-macne, 292 
Paraffine, crude, occurrence of, 16 

from bituminous shales, 28 

oil, 25, 32 

properties of, 31, 856 
Paraphenylene blue, 418 
Para-toluidine, 399 
Parchment, 334 

glue, 342 

paper, 292 
Parmesan cheese, 262 
Pasteboard, 292 
Paste-dyes, 428 
Pasteur's process of vinegar manufacture, 

243 
Pasteurizing of beer, 196 

of wine, 204, 205 
Patent fuel (briquettes), 881 

glue, 342 

leather, 333 
Peach-wood, 441 
Peanut (nl, 60 
Peat, 359 

Perfumes, manufacture of, 100 
Perkin's violet, 413 
Pernarnbuco-wood, 441 
Persian berries, 445 
Persio, 443. 

Petiotization of wines, 206 
Petrc»latum, 25, 32 
Petroleum, bibliography of, 48 

Canadian, 15 

ether, 29 

Ohio, nature of, 15 

Pennsylvania, nature of, 15 



Petroleum^ Russian, 15 

statistics, 44 
Phenanthrene, 894 
Phenetol red, 417 
Phenol, 859, 877, 400 

dye-colors, 414 
Phenol-phthalein, 408 

sulphonic acid, 401 
Phenols in tar, tests for, 888 
Phenyl-anthracene, 894 

methyl-ketone, 405 
Phenylene brown, 416 
Phenylenediamine, 400 
Phlobaphene, 822 
Phosphine, 420 
Phosphotage of wines, 205 
Photogene, 81 
Phthaleins, 408 
Phthalic acid, 404, 408 

anhydride, 408 
Physical and chemical constants of fixed 
oils and fats, 528 

properties of fixed oils, 52 
Picene, 394 
Picric acid, 414 
Pigment brown, 416 

styles of tissue-printing, 497 
PincoflSn, 457 
Pineapple fibre, 280 
Pine-bark in tanning, 822 

tar, 854 
Pinoline, 110 
Plastering of wines, 205 
Plate carthamine, 443 

red, 457 
Pneumatic malting, 190 
Polarization of sugars, 157 
Polyterjxjnes, 95 
Pomades, 101 
Ponceau B, 417 

2K, 417 

3U, 417 

4GB, 410 

4RB, 417 
Poppv-seed oil, 49 
Porter, 196 

Potassium carbonate, 479 
Pot4ito group of starches, 168 

mash, 218 
'* Poteen" whiskey, 228 
Preserved milk, 254 
Press for oil seeds, 56 
Pressure flask for hydrolysis, 179 
Primary disazo colors, 417 
Primrose, 414 
Primuline colors, 419 
Printer's ink, manufacture of, 104 
Printing-paper, 292 

textile rabrics, 492 
Pn)of spirit, 226 
Propiolic paste, 420 
Prune purt', 415 

Purification of water for dyeing, 483 
Purpurin, 421, 443 
Pvrene, 304 
Pvridine, 402 
Pyrogallol, 400, 404 

manufacture, 407 




>IMiutro«t)Ualr*«, 296 
phpnol, 414 
_ ti-luvTiu, SOT 

Vi'^iijibcnvl-mnliBne djM, 411 
W|>l«-rtr<N;t TIU.-UUIIWMII, tn 
Xrvm-uliii OO, 416 
OOO, No. 1, 417 
OOO, K-j. 2, 417 
Tah-ritiag tor papar, 999 
^toiwT-fid prow, 487 
TanB«>ie,4H 
TBnNMfai»afl,9e 

■mlnhatll* 
nmbbn, 104, 109 
Tunur eilk, 309 
Twkddle'B scale for liquids heavier t 



Unfermentsble carbobTdntea, 17S 

Uohairing of bidea, 3^4 

Upland cotton, 2T4 

Upper leathers, 829, 338 

Urauebaugh, 229 

Udlization of tat, scbemefor, 61 



YsloDia, 1^3 

Valuation of tariamplei, 881 

Tarnishes, aiutyiiaofl 116 

manufacture of, 101 

TBiietie* of, 101 
TMeline 25, 32 

''•getable flbm, bibliiwrapbj of, 801 
clawiflotioQ «, ^4 

glue, 839 

oiU and fatt, 48 

textile fibres, 2T8 
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Teiuvine. 411 
Tieuna fibre, 807 
Vlgorite, 77 
Tin dc nisin eec, 207 
^'-MM, 166, 280 

«ar, uulfui of, S46 



Vinegar, munulactuce of, 240 
ViioUuiiiDe, 414 
Violet djB», 
VivoK, 818 
TiwmtT lErt, Sit 
Vobklile'Ml*, 9* 
'• V-imitinff ' Uiilt 
Tuicaa powdCT, 7' 
Vulc:Anite, 107 
Valcanization of 




Walnut oil. 40 

Water for djeiiuc, 481 

Wau, 445 

'■ WM^bting" of silk. 491 ^^ 

W«ngaTUier'« dve-toliiig taUiM|b 

WeL»-bwr, 197 ' ' T 

Weld, 445 

Wetwl pan. IW 

Wbale oil, 62 

Wheat eroup of . 

wbev, aes 

alcobol, 265 

butler, 265 

ehampagne, XH 

of makTZfii 

vinegar, 26& 
Wbiskf V, 228 
White b'ruidT, 33t- 
Wild silks, 309 

Wilej'B method f'>r glueoaa •nal;««, IBl 
Willaden ware, 2B8 
Willov-bark in lanning, S22 
Wilion-Gwynne ptocaa for £its, 59 
Witie, consumption of, in tbe United StatM, 
249 

fermeotj 185 

production of tbe world, 250 

vinegar, 244 
Wine*, aoalfaea of, 209, 210 

analyria of, 212 

tnblioKTaphr of, 247 
WoMi.447 
Wood, compoaition of, S4T 

Bbie, 282 

napbtba, 861 

piup, recngmlion of, in paper, 294 

ifnnt, 355 

purification of, 353 

tar, cieoBole ttata for, 858 

production and treatment, diagram 

of, 852 
treatment of, 854 

vine^r, pnriflcatioD of, Sfil 
Wool, 80,^ 814 

black, 418 

bleachinf. 477 

dveing, 489 

fat, SUG 



Bcarlet B, 416 
scouring, 810 
statistics of, 817 
j-olk, 810 
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Worsted fabrics, 814 
Wort, preparation of, 191 
of, for spirits, 217 
Wrapping-papers, 292 
Writing-papers, 292 



Xanthophyll, 448 
Xanthopurpurin, 448 
Xanthorhamnin, 445 
Xylene, 392 
Xylidine, 399 
red, 417 



Yaryan evaporator, 182 

Yeast, use of, in bread, 288, 284 

Yeast-plant, 184 

Yellow and orange dyes on the fibres, 483 

corallin, 414 
Yield from distillation of wood, 850 
Young fustic, 445 



Zapon varnish, 299 

Zinc chloride treatment of paper, 298 

powder vat for indigo, 485 
Zucker-couleur, 175 



THE END. 
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